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(54ii'it&e: INTEGRATED DISPLAY SCREEN AND SUDABLE CONTOOL FOR ELECTRICAL CIRCUITS 
(57) Abstract. 

A circuit control device of the type having a knob which 
an operator travels along a track to vary a circuit condition is 
disposed on the face of an electronic display screen. This enables a 
display of calibration marks, symbols and/(»- other indicia pertaining 
to operation of the control including at locations in immediate 
proximity to the slidable knob which display can change instantly 
when ttie function of the control changes or when other conditions 
call for different graphics. The track and sliding knob and electronic 
components of the control signal producing circuit are at the front of 
the diisplay screen thereby enabling easy repair. Components of the 
control signal producinjg circuit are contained within the. knob and/br 
track. Knob motion is detected by compact and durable sensors 
which rhay iiicude radio frequ^icy Censors, capaciliv^ sensors, 
photoelectric sensors or Hail effect sensors among others. 
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INTEGRATED DTSPTAY SCREEN AND gT.tnz^LE nONTPOT. 

FOR ELEC?tRICAI. CTRCTTTTS 



Cross Rf^ferenoft to Rf>lai-P>d Ap piir^at-ir^ny y 

This application is a continuation-in-part of copend- 
5 ing United States application Serial No: 08/644,888 filed 
on May 10, 1996 and which is a continuation-in-part of 
copending application Serial No. 08/420,438 filed on April 
10, 1995. Application Serial No. 08/420,438 is a con- 
tinuation of application Serial No. 08/225,782 filed April 
Id 11, 1994 and which is now abandoned. Application Serial 
No. 08/225,782 was a continuation-in-part of application 
Serial No: 08/147,545 filed November 5, 1993 and which is 
now abandoned. 



This invention relates to devices for enabling opera- 
tor control of electrical circuits. More particularly the 
invention relates to electrical circuit controls of the 
kind having a slidable member which is traveled along a 
track in order to change an electrical condition in a con- 
2b trolled circuit. 



Backgrounrf r%r i- he Invftn<-i rsn 

Many electrical circuit control devices have a sli- 
dable member which is situated at the face of a panel and 
which is movable along a linear or curvilinear path in 
25 order to vary a control signal for the circuit. Controls 
of this type are used with diverse different types of ap- 
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paratus, one example being faders for adjusting the ampli- 
tude of audio signals in sound processing systems. In 
most control devices of this kind the slidable member pro- 
trudes from a slotted panel and componiehts which produce 
> the circuit control signal are situated behind the panel. 
Calibration marks and/or other are present on the panel 
along the path of the member to identify the different 
settings of the control or to provide other information 
pertaining to operation of the control. Traditionally 
such graphics have been permanently imprinted on the con- 
trol panel. 

Prior control devices of the above described kind 
are single function controls which serve a single purpose. 
It has been the conventional practice to provide addi- 
15 tional control devices in instances where the controlled 
apparatus requires input of two or more control signals. 
This complicates control panels and increases the size and 
cost of such panels. It would be advantageous if a con- 
trol device of this kind could be used to control more 
20 than one function of the controlled apparatus. Perma- 
nently imprinted calibration marks and other graphics are 
not conducive to use of a single control for multiple pur- 
poses. Often the graphics that are appropriate for one 
mode of operation of the control are not appropriate for 
25 another mode of operation. 

Permanently imprinted graphics can also cause prob- 
lems with single function control devices. For example, 
such graphics can only proviide information in one or at 
best a very limited nuunber of languages or tmit systems 
at a location which is close to the slidable component of 
the control. 

Flat panel displays have heretofore been used to pre- 
sent changeable information pertaining to operation of 
electrical control devices including control devices of 
the kind having a slidable component which is manipulated 
by the operator. In the prior constructions the slidable 
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member ahd the fl^t panel display image are at different 
locations on the control panel and this can cause problems 
during operation. Hereto fore , the display could not pro- 
vide calibration marks or other graphics immediately adja- 
cent to the slidable member as the image display area of 
the display screen is bounded by a marginal region which 
contains structural framing, seals and other components. 
Sizable spacing of the image display area from the sli- 
dable member can also cause operator confusion concerning 
which of several controls the imaged information relates 
to. 

The conventional disposition of the control signal 
producing components behind the control panel complicates 
the task of repairing or replacing such components as that 
requires access to the back of the control panel. Typi- 
cally one must open up the housing of electrical apparatus 
and perform operations in a constricted space. 

The present invention is directed to overcoming one 
or more of the problems discussed above. 

Summary r>f=' Tnv entinn 

In one aspect the present invention provides a con- 
trol device for an electrical circuit which control device 
has a slidiable member that is traveled along a track to 
any of a plurality of different positions in order to 
change an electrical condition in the cohtf oiled circuit. 
The slidable member and track are disposed in front of an 
electronic display screen which has an image display area 
at which instantly changeable images are displayed. At 
least a portion of the slidable member is situated di- 
rectly in front of the image display area of the display 
screen. 

In another aspect of the invention, an image display 
controller is coupled to the electronic display screen and 

3 
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causes the screen to display indicia at locations along 
the path of travel of the slidable member. 

In another aspect of the invention, a control signal 
producing circuit produces a circuit control signal that 
varies in response to movement of the slidable member. 
Electronic components of the control signal producing cir- 
cuit are situated in front of the display screen and are 
situated within at least one of the slidable member and 
the track. 

In still another aspect of the invention, a control 
device for an electrical circuit includes an electronic 
display screen having an image area at which instantly 
changeable images are displayable. A track extends along 
the face of the display screen within the image area. A 
15 slidable member engages the track and is slidable the- 
realong to any of a plurality of successive positions- A 
position sensor produces a control signal for the elec- 
trical circuit which changes in response to movement of 
the slidable member between its positions. A display con- 
^^^^^^^ is electrically coupled to the position sensor and 
to the display screen and is conditioned to cause display 
of changeable images at the screen which convey informa- 
tion pertinent to operation of the control device. 

Electric circuit control devices embodying the inven- 
25 tion have a track and a slidable member which are situated 
at the face of an electronic image display screen with at 
least a portion of the slidable member being directly in 
front of the image display area of the screen. This en- 
ables display of instantly changeable calibration marks 
30 and/or other graphics at locations in close proximity to 
the slidable member including, where appropriate, at loca- 
tions immediately adjacent to the path of travel of the 
member. The operator can associate such graphics with the 
particular control to which they relate in an easier and 
35 more reliable manner and precise setting of the control is 
facilitated. The graphics can change instantly when the 
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function of a control device changes or if other condi- 
tions call for a change of calibration marks or other in- 
dicia. Motion of the slidable . component of the control 
device is detected by electronic components which in some 
forms of the invention are contained within the track 
structure and/or within the slidable component at the 
front of the display screen where they are easily accessi- 
ble for repair or replacement. 

The invention, together with further aspects and ad- 
vantages thereof, may be further jinderstood by reference 
to the following description of the preferred embodiments 
and by reference to the accompanying drawings. 



Brief Description of the Drawings 

FIG. 1 is a frontal view of an electrical circuit 
control device of the type having a slidable member which 
an operator travels along a track in order to change an 
electrical condition in a controlled circuit. 

FIG. 2 is a side view of the - circuit control device 
of FIG. 1. ^ 

FIG. 3 is a section view of a portion of the control 
device of FIG. 1 taken along line 3-3 thereof. 

FIG. 4 is a schematic circuit diagram showing elec- 
tronic components of the circuit control device of FIGS. 1 
to 3. 

FIG- 5 is a frontal view of the circuit control de- 
vice of FIG. 1 showing an example of changed graphics 
which are display by the device during a mode of operation 
that differs from the mode of operation depicted in FIG. 
1. 

FIG. 6 is a broken out frontal view of a portion of 
the circuit control device of FIGS. 1 to 5 showing the 
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multi-layered construction of a flat panel display which 
is a component of the control device* 

FIG. 7 is a frontal view of a modification of the 
control device which includes a different type of elec- 
tronic image display. 

FIG. 8 is a frontal view of another modification of 
the control device which includes still another different 
type of electronic image display. 

FIG. 9 is a frontal view of another electrical cir- 
cuit control device which uses radio frequency energy to 
sense and track movement of a isliding member. 

FIG. 10 is a cross section view taken along line 10- 
10 of FIG. 9. 

FIG. 11 is a side view of the circuit control device 
15 of FIGS. 9 and 10. 

FIG. 12 is a schematic circuit diagram showing elec- 
tronic components of the circuit control device of FIGS. 9 
to 11. 

FIG. 12A is a schematic circuit diagram showing fur- 
ther electronic components of the circuit control device 
of FIGS. 9 to 11. 

FIG. 12B is a flowchart depicting the programming of 
a digital data processor component of the circuit of FIG. 
12A. 

2^ FIG. 13. is a schematic circuit diagram showing an 

alternate arrangement of electronic components which may 
be used in an electrical circuit control device that is 
otherwise similar to the control device of FIGS. 9 to 11. 

FIG. 14 is a side view of a circuit control device 
which uses the arrangement of electronic components that 
is depicted in FIG. 13. 

FIG. 15 is a frontal view of a portion of another 
circuit control device which also uses radio frequency 
energy to sense and track motion of a slidable member. 

FIG. 16 is a cross section view taken along line 16t 
16 of FIG. 15. 
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FIG. 17. is a frontal view of an electrical circuit 
control device which uses capaeitiye effects to sense and 
track movement of a slidable member. 

FIG. 18. is a cross section view taken along line 18- 
5 18 of FIG. 17. 

FIG. ISA is a schematic circuit diagram depicting the 
electrical circuit of the embodiment of FIGS. 17 and 18. 

FIG. 18B is a program flowchart depicting operations 
performed by a digital data processor which is a component 
10 of the circuit of FIG. 18A. 

FIG. 19 depicts a variation of the configuration of 
capacitive components for a circuit control that may oth- 
erwise be similar to the control of FIGS. 17 and 18. 

FIG. 20 is a cross section view taken along line 20- 
15 20 of FIG. 19. 

FIG. 20A is a frontal view of another circuit control 
device which uses capacitive effects to sense the position 
of a slidable member of the 
device. 

FIG. 20B is a cross section view taken along line 
20B-20B of FIG. 20A. 

FIG. 21 is a frontal view of another electrical cir- 
cuit control device which uses photoelectric effects to 
sense and track motion of the member. 

FIG. 22 is a cross section view taken along line 22- 
22 of FIG. 21. 

FIG. 23 is a side view of the sliding member region 
of the circuit control device of FIGS. 21 and 22. 

FIG. 24 depicts portions of a pair of mirrored strips 
30 which are components of the control device of FIGS. 21 to 
23. 

FIG- 24A is a schematic circuit diagram depicting the 
electrical circuit of the control device of FIGS. 21 to 
24. 
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FIG. 24B is a program flowchart of operations per- 
formed by a digital data processor which is a component of 
the circuit of FIG. 24A. 

FIG. 25 is a cross section view correspondintf gener- 
5 ally to FIG. 22 while depicting a modification of the con- 
trol device of FIGS. 21 to 24. 

FIG. 26 is a frontal view of the sliding member re- 
gion of another circuit control device that uses photoe- 
lectric effects to sense and track movement of the member. 

FIG. 26A is a frontal view of the sliding member re- 
gion of a first modification of the embodiment of FIG. 26. 

FIG 26B is a frontal view of the sliding member re- 
gion of a second modification of the embodiment of FIG. 
26. 

1^ FIG- 26C is a frontal view of the sliding member re- 

gion of a third laodif icatioh of the embodiment of FIG. 26. 

FIG. 26D is a schematic circuit diagram showing elec- 
trical components of the embodiment of FIG. 26C. 

FIG. 27 is a cross section view taken along line 27- 
20 27 of FIG. 26. 

FIG. 27A is a cross section view taken along line 
27A-27A of FIG. 26. 

FIG. 28 is a chart showing a binary code which is 
used to identify the position of the sliding member of the 
25 control device of FIGS. 26 and 27. 

FIG. 29 is a schematic circuit diagram showing elec- 
tronic components of the control device of FIGS. 26 to 28^ 

FIG. 30 is a frontal view of the sliding member re- 
gion of another circuit control device which uses photoe- 
30 lectric effects to sense and track motion of a slidable 
member . 

FIG. 31 is a cross section view taken along line 31- 
31 of FIG. 30. 

FIG. 31A is a frontal view of the sliding member re- 
35 gion of a first modification of the control device of 
FIGS. 30 and 31 
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FIG, 3 IB is a schematic circuit diagram stiou^itg ex-ec 
trical components of the apparatus of FIG. 31A. 

FIG. 31C is a diagram depicting output signal changes 
which occur at a pair of photoelectric detectors as a 3li- 
5 dable member of the control device of FIGS. 30 to 31B is 
traveled through successive settings. 

FIG. 31D is a flowchart program depicting operations 
performed by a digital data processor component of the 
circuit of FIG. 31B. 
^0 ^IG. 31E is a flowchart depicting a subroutine per- 

formed by the program of FIG. 3 ID. 

FIG. 32 is a frontal view of a circuit control device 
which uses the Hall effect to track movement of a slidable 
member. 

^^G. 33 is a frontal view depicting a first variation 
of the control device of FIG. 32. 

FIG. 33A is a schematic circuit diagram depicting an 
electrical circuit which is a component of the control 
device of FIG. 34. 

^^G^ 34 is a frontal view depicting a second varia- 
tion of the control device of FIG. 32. 

FIG. 35 is a frontal view of another sliding member 
type of electrical circuit control which uses the Hall 
effect to sense and track movement of the member. 

^^G. 36 is a cross section view taken along line 36- 
36 of FIG. 35. 

FIG. 36A is a schematic circuit diagram depicting the 
electrical circuit of the control device of FIGS. 35 and 
36. 

^^G. 37 is a rear view of a bank of circuit control 
devices of the sliding member . type that is shown in FIGS. 
35 and 36. 

FIG. 38 is in part a frontal view of a bank of cir- 
cuit control devices of the type having slidable members 
and in part a schematic circuit diagram showing circuit 
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arrangements for enabling operation of such devices in a 
highly efficient manner. 

FIG. 39 is a broken out frontal view of a sliding 
member type of circuit control device which uses a mag- 
5 netic pad to sense motion of the member. 

FIG. 40 is a cross section view taken along line 40- 
40 of FIG. 39. 

FIG. 41 is a frontal view of a motorized fader em- 
bodiment of the invention. 

FIG. 42 is a cross section view of a portion of the 
fader of FIG. 41 taken along line 42-42 thereof. 

FIG. 43 is another cross section view of a portion of 
the fader of FIG. 41 taken along line 43-43 thereof. 

FIG- 44 is a cross section view corresponding gener- 
15 ally to FIG 42 while showing a first variation of the 
fader of FIG. 41. 

FIG. 45 is another cross section view corresponding 
generally to FIG. 42 while showing a second variation of 
the fader of FIG. 41. 
2^ FIG. 4 6 is a broken out frontal view of another motor 

driven fader. 

FIG. 47 is a cross section view of a portion of the 
of the fader of FIG. 46 taken along line 47-47 thereof. 

FIG. 4 8 is a frontal view of another motor driven 
25 electrical circuit control device embodying the invention. 

FIG. 4 9 is a broken out side view of the control de- 
vice of FIG. 48. 

FIG. 50 is a diagrammatic depiction of the configura- 
tion of internal busbars in a flat panel display component 
30 of the control device of FIGS. 48 and 49. 
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Detai led Des cr iption of th^ PrQff>>T>e<i EmbririiTng^nf-^ 

Referring initially to FIGS 1, 2 and 3 in conjunc- 
tion, electrical circuit control devices 11 embodying the 
invention have a slidable component such as member. 12 
5 which an operator travels along a track 13 in order to 
vary a control signal that is delivered to electrical ap- 
paratus of any of the Jcnown types that respond to such 
signals. In most uses of control devices 11 of this kind 
it is advantageous to provide graphics 14 that convey in- 
10 formation pertaining to the operation of the control. The 
graphics 14 may variously be calibration marks along the 
path of travel of the member 12, symbols or alphanumeric 
data identifying successive settings of the member, an 
indication of the current value of the control signal or 
15 may present any of a variety of other kinds of informa- 
tion. The graphics 14 in embodiments of the present in^ 
vention are, at least in part, images generated at the 
screen 16 of an electronic image display 17. The graphics 
14 may be turned on and off and may change instantly and 
20 automatically if desired if the control device 11 is a 
multi-function control or if other conditions call for a 
change of graphics during in operation. 

The path of travel of at least a portion of the mem- 
ber 12 is situated directly in front of the image display 
25 area 18 of the screen 16 to enable display of graphics in 
close proximity to the member 12 including, if appropri- 
ate, at locations immediately adjacent to the member. 
This avoids operator error in associating, graphics with 
the particular control device 11 to which they relate and 
30 enables precision setting of the control in instances 
where calibration marks or the like are displayed. In the 
present example of the invention the track 13 extends 
along the central region of the image display area 18 and 
all portions of the member 12 are directly in front of the 
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image display area in order to present graphics at both 
sides of the path of travel of the member. 

In this example of the invention, the electronic im- 
age display 17 is a flat panel display of the kind which 
5 has a transparent cover plate 19 at its face. Track 13 is 
formed by a pair of linear rails 21 which extend along the 
cover plate 19 and which are affixed to the cover plate by 
adhesive or be other means. In an alternate construction 
the rails may be affixed to a second transparent cover 

10 plate which overlays the original cover plate of the flat 
panel display. The edge 22 of each rail 21 that is spaced 
outward from cover plate 19 is enlarged relative to the 
adjacent portion of the rail. The slidable member 12 
spans the rails 21 and has grooves 23 through which the 

15 enlarged edges 22 of the rails 21 extend, the bases of the 
grooves being narrower than the enlarged edges of the 
rails in order to hold the member 12 on the rails. Travel 
of the member 12 is limited by cross members 24 at each 
end of the rails 21 which span the rails and which are 

20 secured thereto. At least one of the cross members 24 is 
secured to the rails 21 by disengageable means, such as by 
screws 26, to enable entry of the member onto the rails 
and to enable removal and replacement of the member 12 if 
necessary. 

25 The control device 11 of this particular example is a 

linear potentiometer which transmits a control signal to a 
controlled circuit which signal is a variable voltage hav- 
ing a magnitude that is selected by operator movement of 
the member 12 along track 13. A linear strip or trace 27 

30 of electrically resistive material is bonded to the front 
surface of cover plate 19 between rails 21 and extends 
along the track 13 in parallel relationship with the 
rails. Referring jointly to FIGS. 1, 2, 3 and 4, a multi- 
line connector 28 at an edge of the flat panel display 17 

35 enables connection of the control device 11 to an external 
DC voltage supply 29 and to the controlled circuit 31. 

12 
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The flat panel display controller 32 of this example of 
the invention, which may be of the known circuit configu- 
ration, is contained in a circuit board 33 which is af- 
fixed to the back of the flat, panel display 17, 
5 A first linear trace 34 of electrical conductor ex- 

tends along the front surface of cover plate 19, between 
rails 21, to connect one pin socket of connector 2 8 with 
the remote end of the resistive strip 27. The other end 
of the resistive strip 27 is connected to a second pin 
10 socket of connector 28. This enables coupling of the DC 
voltage supply 29 to the resistive strip 27. A second 
linear trace 36 of electrically conductive material ex- 
tends along the front surface of cover plate 19 in paral- 
lel relationship with the resistive strip 27 and is elec- 
15 trically connected to an output signal pin socket of con- 
nector 28. Output voltage, selected by sliding member 12 
along the track 13, is transferred to the second trace 36 
by first and second wijper contacts 37 and 38. The wiper 
contacts 37 and 38 are secured to the underside of member 
12 in position to contact and travel along the resistive 
strip 27 and the second trace 36 and are in electrical 
connection with each other. 

The operator selected output signal which is 
transmitted to the controlled circuit 31 is also transmit- 
25 ted to the flat panel display controller 32 after being 
digitized in an analog to digital converter 33. Referring 
to FIG. 1 in particular, this enables an alphanumeric dis- 
play of the current output voltage of the control device 
11 at screen 16 as well as a display of calibration marks 
along the path of travel of member 12 that identify a se- 
ries of successive settings of the control device 11. 
Using techniques known to the art, the flat panel display 
controller 32 can be conditioned to display any other de- 
sired images that may be appropriate to operation of dif- 
35 ferent types of controlled circuit 31. Such images may be 
caused to flash on and off to attract operator attention. 
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to convey information by changing color or to move across 
the screen 16. Purely decorative images can be presented 
along with information that is pertinent to operation of 
the control device 11. 
5 Referring to FIG. 5, the displayed graphics 14-1 may 

change instantly if the controlled circuit 31 has differ- 
ent modes of operation or if it is used to control more 
than one external circuit. The change of graphics may be 
initiated by operator actuation of a mode selector switch 
10 34 or the display controller 32 may be conditioned to 
change the graphics automatically in response to a control 
signal of a particular magnitude such as a control signal 
having the maximum magnitude. 

Referring to FIG. 4A, in a modified form of the con- 
15 trol device 11-1 one terminal of the DC voltage supply 29 
is connected to one end of the resistive strip 27, the 
other terminal being connected to the second trace 36 of 
conductive material through a resistor 36. Connector 28 
may have only two pin sockets. A circuit junction 37 be- 
tween the other terminal of the voltage supply 29 and the 
second trace 36 is connected to the controlled circuit 31 
and to analog to digital converter 33 to provide the op- 
erator selected control signal voltage to those compo- 
nents. The embodiment of FIG. 4A may otherwise be similar 
25 to the embodiment of FIGS. 1 to 4 . 

Referring jointly to FIGS. 3 and 6, the flat panel 
display 17 may be of any of the known types and may be of 
known design except as herein describefd. For purposes of 
example FIGS, 3 and 6 depict a flat panel display 17 of 
30 the TFEL (thin film electro- luminescent) type. Displays 
of this kind are multi-layered and have a substrate layer 
38 which may variously be formed of glass ceramic or plas- 
tic. The substrate 38 is overlaid, in sequence, by a 
layer of row busbars 39, a first layer of insulation 41, a 
35 phosphor layer 42^. a second layer of insulation 43, a 
layer of column busbars 44, a sealing and passivation 
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layer 46 and the transparent cover plate 19. Row busbars 
39 are parallel conductive traces bonded to substrate 38 
and extend in an x-coordinate direction* Column busbars 
44 are parallel conductive traces deposited on the second 
5 layer of insulation 43 and extend in a y^coordinate direc- 
tion. The points at which the orthogonal row and cplimn 
busbars 39 and 44 cross each other define an array of im- 
age pixels 47 at which the phosphor layer 42 emits light 
when a voltage difference is applied across the row busbar 

10 39 and column busbar 44 that cross each other at a par- 
ticular pixel location. Thus any desired image can be 
produced by applying a voltage difference across the par- 
ticular row busbars 3 9 and column busbars 44 that define 
image pixels 47 at which light needs to be emitted to form 

15 the image. 

In some embodiments the track 13 structure may not 
extend to an edge of the display screen 16 and it xaay be 
necessary to provide electrical conductors 4 8, as shown in 
FIG. 6, that extend within the image area 18 is order to 

20 make the previously described electrical connections 
between components of the control device. Adverse effects 
on the quality of displayed images by the overlaying 
conductors 48 can be avoided by forming the conductors of 
transparent conductive material, such as indium tin oxide 

25 for example, which is bonded to a surface of the cover 
plate 19. Non- transparent conductors 48 can be used 
without significant adverse effects if, as shown in FIG. 
6, the conductors are thin in relation to the spacing of 
the centers of the image pixels 47 from each other, the 

30 conductors extend in parallel relationship with either the 
row busbars 39 or the column busbars 44 and the conductors 
are situated between two adjacent rows of pixels and/or 
between two adjacent columns of pixels. The conductors 48 
may extend along the back surface of the cover plate 19 to 

35 avoid parallax effects during viewing of images and to 
protect the conductors from abrasion. 
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FIG. 7 depicts use of a flat panel display 17a of the 
knovm segmented electrode type in an electrical circuit 
control device 11a that may otherwise be similar to the 
device previously described with reference . to FIGS. 1 to 
5 4. Referring to FIG. 7, displays 17a of this kind produce 
images in response to electrical energization of elec- 
trodes 49 within the display which images correspond to 
the configurations of the electrodes. The electrodes 49 
can be configured and positioned to provide calibration 
10 marks along the path of travel of the control device mem- 
ber 12a that are changeable by energizing different ones 
of the electrodes at different times. As understood 
within the art such a display can be used to image any 
numeral from 0 to 9 at a given location by selective ener- 
15 gizing of electrodes 49 which are electrically isolated 
from each other and which are arranged in the form of a 
slanting squared numeral 8. 

Some newly developed electronic image displays of the 
panel type are formed of flexible materials and can have a 
20 curved viewing surface. Such displays can be used in em- 
bodiments of the present invention by forming the previ- 
ously described track conqponent to have a conforming cur- 
vature . 

Referring to FIG. 8, the electronic image display 17b 
25 of embodiments of the present invention can also be of the 
cathode ray tube type that is commonly used as computer 
monitors, in television receivers and for other purposes. 
The track structure 13b of one or more control devices lib 
(embodying the present invention is affixed to the face of 
the screen 16b of the cathode ray tube 17b or to a trans- 
parent overlay cover plate 51 which is superimposed on the 
screen. The display controller 32b which causes change- 
able graphics 14b to be displayed at the screen 16b in 
proximity to the member 12b may be of the known form used 
to change the images at computer monitor screens in re- 
sponse to control signals. 
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Circuit control devices in which a wiper contact 
slides, along an elongated resistor may require repair or 
replacement after extensive use as abrasion may adversely 
affect the precision of the device with respect to identi- 
fying the precise position of the member along its path of 
travel. FIGS. 9, 10 and 11 depict a highly durable cir- 
cuit control device lie that is not subject to this limi- 
tation as the resistive trace and wiper contact of the 
previously described embodiments are replaced with sensing 
means 51 that uses radio frequency electronics to sense 
the position of a slidable member 12c along a track 13c. 

The track 13c and slidable member 12c of the control 
device 11c may be similar to the corresponding components 
of the embodiment of FIGS. 1 to 3 except as may be herein 
15 described. The track 13c is again adhered to or otherwise 
affixed to the face of a flat panel display screen 18c 
within the image display area 18c. The track 13c of this 
example of the invention has a floor portion 52 that ex- 
tends between the bases of the two parallel rails 21c. 
The region between the rails 21 is largely enclosed by an 
elongated hollow metal shield 53 which is disposed against 
the floor portion 52 and which extends between the rails. 
The hollow shield 53 has a longitudinal slot 54 in the 
surface of the shield that is closest to member 12c to 
25 enable a thin member 56 which protrudes from the base of 
the member to extend into the interior of the shield. 
Member 56 has a plate portion 57 which extends trans- 
versely within the shield 53 in parallel relationship with 
the floor portion 52 of the track 13c and which is formed 
30 of electrical conductor. 

An elongated thin strip 58 of electrical insulation 
extends along the base of the shield 53 within the inte- 
rior of the shield and a pair of elongated electrical 
coils 59 and 61 are bonded to the insulation strip 58 and 
35 extend along the track 13c within the shield. The coils 
59 and 61 are preferably flat and have a configuration 

17 
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which can best be seen in FIG. 12. In particular, coil 59 
is an elongated multi-turn spiral of electrical conductor 
which is broadest at one end 62 cuid which becomes progre3- 
sively narrower in the direction of the other end 63. 
5 Coil 61 is of the saiae configuration with the narrow end 
64 of the coil being adjacent to the broad end 62 of coil 
59 and the broad end 66 of coil 61 being adjacent to the 
narrow end 63 of coil 59. Portions of the coils 59 and 61 
which appear to intersect in FIG. 12 are insulated from 

10 each other. 

Coil 59 is thfe inductive component of the resonant 
circuit of a first electrical oscillator 67 and coil 61 is 
the inductive component of the resonant circuit of a sec- 
ond electrical oscillator 68, each of the oscillators hav- 

15 ing a capacitive component 65 coupled to the inductive 
component 59 or 61 . Oscillators 67 and 68 may be of any 
of the known types, such as Colpitts oscillators for exam- 
ple, wherein the resonant frequency is dependent on the 
ratio of the inductance and capacitance in the resonant 

20 circuit. 

Referring jointly to FIGS. 10 and 12, the previously 
described conductive plate 57 that is carried by the sli- 
dable member 12c spans the two coils 59 and 61 in spaced 
apart relationship therewith. The conductive plate 57 

25 alters the resonant frequencies of the two oscillators 67 
and 68 as it is in close proximity to the inductive coils 
59 and 61 of the oscillators. This effect of the plate 57 
is strongest when the plate is at the broad end of a coil 
59 or 61 and weakest when the plate is at the narrow end 

30 of the coil and progressively changes as the plate is 
traveled along the coil. The effect of the plate 57 oh 
each oscillator 67 and 68 is different at all points along 
the path of travel of the plate except at the midpoint of 
the path as. the essentially triangular coils are inverted 

35 relative to each other. Thus the ratio of the frequency 
of oscillator 67 td the frequency of oscillator 68 is dif- 

18 



SUBSTITUTE SHEET (RULE 26) 



wo 98/287d0 



PCTAJS97y22398 



ferent at each successive point along the path of travel 
of the plate 57. 

This enables tracking of the movement of the member 
12c and synthesizing of a control signal that varies in a 
5 desired manner in response to movement of the member. 
Referring to FIG. 12a, the resonant circuit of the first 
oscillator 67 is coupled to the input of a counter 69 
through a buffer amplifier 71, a capacitor 72 and a first 
conductor 73 which extends between the location of the 

10 oscillator and the location of a microprocessor 74 or 
other digital data processor. The resonant circuit of the 
second oscillator 68 is coupled to another counter 76 
through another buffer amplifier 77, another capacitor 78 
and a second conductor 79 that extends to the location of 

15 the microprocessor 74. 

Each counter 69 and 76 counts the number of radio 
frequency cycles that are generated by the associated os- 
cillator 67 or 68 during successive time periods of fixed 
duration • The accumulated counts are transferred to 

20 shift registers 81 and 82 at the end of each such time 
period and the counters are reset to a count of zero by 
the microprocessor 74. Referring jointly to FIGS. 12A and 
12B, microprocessor 74 repeatedly reads the shift regis- 
ters 81 and 82, computes the current ratio of the frequen- 

25 cies of the two oscillators 67 and 68 and consults a look- 
up table which is configured within the microprocessor to 
determine the control signal magnitude which should be 
outputted at the current setting of the slidable member of 
the control device. The current control signal value is 

30 outputted in digital form if the controlled electrical 
circuit responds to digital control signals or is deliv- 
ered through a digital to analog converter 83 if the con- 
trolled circuit responds to. a variable voltage type of 
control signal. 

Capacitors 72 and 78 are present in the above de- 
scribed circuit to enable transmission of the high fre- 
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quency oscillator output signals and also DC operating 
current for the oscillators 67 and €8 on the single pair 
of conductors 73 and 79 that extend between the location 
of the oscillators and the location of the microprocessor 
5 74. The conductors 73 and 79 each connect with a separate 
one of the terminals of a DC power supply 84 through a 
separate one of a pair of inductance coils 86 • A capaci- 
tor 87 is connected across the terminals of the DC power 
supply 84. This forms a filter which allows DC current to 

10 be transmitted to conductors 73 and 79 and which isolates 
the power supply from the high frequency signals. The 
other ends of conductors 73 and 79 connect with the DC 
power inputs of both oscillators 67 and 68 through sepa- 
rate ones of another pair of inductance coils 88 and an- 

15 other capacitor 89 is connected between the positive and 
negative terminals of the oscillators. This keeps the 
high frequency signals out of the oscillator power termi- 
nals. Capacitors 72 and 78 isolate the high frequency 
circuitry of the buffer amplifiers 71 and 77 from the DC 

20 current . 

Referring jointly to FIGS. 9 and 12A, oscillator 67, 
buffer amplifier 71, capacitor 72 and a first of the in- 
ductance coils 76 may be embodied in a small integrated 
circuit board 91 situated at the marginal region of the 
25 flat panel display 17c adjacent to one end of the track 
13c. The other oscillator 68, and buffer amplifier 77, 
capacitor 78 and the other inductance coil 76 are embodied 
in another similar circuit board 92 situated at the oppo- 
site end of track 13c. Capacitor 89 may be within the 
marginal region of the flat panel display 17c at a loca- 
tion between the two circuit boards 91 and 92 . Other com- 
ponents of the circuit of FIG. i2A are embodied in a sig- 
nal processing circuit board 93 which is also at the mar- 
ginal region of the flat panel display 17c in this example 
35 of the invention. Alternately the signal processing cir- 
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cuit board 93 can be at the back of the flat panel dis- 
play 17c or be situated at a remote location. 

In a modification of the last described example of 
the invention the two elongated coils 59 and 61 are re- 
placed with a single elongated triangular coil 94 which is 
the inductive component of the resonant circuit of a sin- 
gle oscillator 96 as shown in FIG. 13. Other components 
of the control device can be similar to those described 
above with reference to FIGS. 9 to 12A except that only a 
portion of the electrical circuit of FIG. 12A need be pre- 
sent. In particular, the second oscillator 68, second 
buffer amplifier 11, coil 61, second counter 66, shift 
register 82, and capacitor 78 are eliminated from the cir- 
cuit. Referring jointly to FIGS. 12A and 13, the resonant 
15 frequency of the single oscillator 96 progressively 
changes as the conductive plate 57 is slid along the elon- 
gated triangular coil 94 and has a different value at each 
successive position of the plate. Microprocessor 74 re- 
petitively reads the current frequency value from shift 
register 81 and outputs a predetermined different control 
signal value in response to each different frequency 
value . 

In another modification of the control device the 
elongated coils 59 and 61 of the control device of FIGS. 9 
to 12A or the single elongated coil 94 of the control de- 
vice of FIG. 13 can extend along the back of the flat 
panel display 17e as shown in FIG. 14 (which depicts coil 
94 for purposes of example) if the display is sufficiently 
thin to enable electrical interaction between the colls 
and the plate 57 which travels with the sliding member. 

In still another modification of the control device 
of FIGS . 9 to 1 2A certain components of the electrical 
circuit are embedded within the sliding member itself and 
the rails along which the member travels serve both as DC 
35 power conductors and high frequency signal conductors 
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which electrically connect components in the member with 
the signal processing means. Repair of this embodiment in 
the event of failure of any of the embedded electronic 
components is an extremely simple matter as it may be ac- 
complished by simply removing the sliding member and re- 
placing it with a new one. This does not require any. 
opening of a housing or any manipulations at the back of a 
control panel. 

In particular, with reference to FIGS. 15 and 16, the 
previously described oscillators 67 and 68, buffer ampli-^ 
fiers 71 and 77, inductance coils 88 and capacitors 72^ 78 
and 89 are all embedded in a plastic core 97 of the slid- 
ing member 12f. Electrical connections between the embed- 
ded components are not shown as they are similar to those 
15 previously described with reference to FIG. 12A. 

With reference to FIGS, 15 and 16, to enable use of 
the rails 21 f as DC power and high frequency signal con- 
ductors the two rails are formed of electrical conductor 
and are electrically isolated from each other by a strip 
of insulative material 98 which extends between the rails 
at the base of the rails. The portions 99 and 101 of mem- 
ber 12f which engage rails 21 f are also formed of electri- 
cal conductor and are electrically isolated from each 
other by the plastic core 97 of the member 12f. Member 
25 I2f has a split, electrically conductive outer shell 102 
each half of which is integral with a separate one of the 
member portions 99 and 101. The two halves of shell 102 
are spaced apart and electrically isolated from each other 
by the plastic core 97 of the member 12f. 

Portions of the electrical circuit that appear below 
dashed line 103 in FIG. 1 2A jointly form a power supply 
and signal processor and are represented in FIG. 15 as a 
single block 104. Referring to FIGS. 12A, 15 and 16 in 
conjunction, rails 21 f constitute the combined DC power 
35 and high frequency signal conductors 73 and 79 of the pre- 
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viously described circuit. Components which are embedded 
within the sliding member 1 2f are interconnected in the 
manner shown above dashed line 103 in FIG. 12A and as pre-r 
viously described. The positive and negative power termi- 
5 nals of each oscillator 67 and 68 are connected to sepa- 
rates ones of the two halves of the conductive shell 1 02 
of the member 12f through a separate one of the inductance 
coils 88. Each of the buffer amplifiers 71 and 77 within 
the member 12f are connected to a separate one of the two 
10 halves of shell 102 through capacitors 72 and 78 respec- 
tively. 

Interconnection of the stationary elongated colls 59 
and 61 with other components of the oscillators 67 and 68 
that are within the slidable member 1 2f is provided for by 

15 two pairs of wiper contacts 106. Contacts 106 extend from 
the base of the member 12f and contact and travel along 
two pairs of parallel conductors 1 07 that extend along an 
insulative envelope 108 that encloses shield 53. Conduc- 
tors 107 are connected to the coils 59 and 61 at the ends 

20 of the coils. 

Except as herein described, the embodiment of FIGS. 
15 and 16 may be similar to the previously described em- 
bodiment of FIGS. 9 to 12A. 

FIGS. 17 and 18 depict another circuit control device 

25 11g of the sliding member type which uses capacitive ef-- 
fects to sense and track movement of the sliding member 
12g. For this purpose, a pair of spaced apart elongated 
triangular capacitor plates 109 extend along the member 
track 13g between the rails 2lg which support the member 

30 I2g. The capacitor plates 109 are coplanar and in this 
example are vacuum deposited or otherwise bonded to the 
surface of the transparent cover plate 19g of the flat 
panel display 17g. The broader ends of the two capacitor 
plates 109 are at the same end of track 13g. Member 12g 
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carries a third capacitor plate 111 that spans plates 109 
in spaced apart relationship therewith. 

Capacitor plates 109 and 111 jointly function as the 
capacitive component of the resonant circuit of an oscil- 
lator 112. In this example other components of the oscil- 
lator 112 are situated in the marginal region of the flat 
panel display 17g adjacent to one end of the track 13g and 
capacitor plates 109 are connected to the other components 
at that end of the track. The other components of the 
oscillator can be at other locations including being em- 
bedded in the slidabie member 12g in the manner which has 
been previously described with respect to the embodiment 
of FIGS. 15 and 16. 

As thfe widths of the capacitor plates 109 progres- 
sively change along the length of the track 13g, the reso- 
nant frequency of oscillator 112 also changes as the mem- 
ber 12g and third capacitor plate 111 are slid along track 
13g. This enables a signal processor circuit 113 to track 
movement of the member 1 2g and to output a control signal 
for a controlled circuit that has a magnitude determined 
by the position of the member along track 13g. 

For this purpose, with reference to FIG. 18A, a cir- 
cuit junction 114 between the capacitive component 116 and 
inductive component 117 of the resonant circuit of the 
oscillator 11 2 is coupled to a frequency cycle counter 118 
through a buffer amplifier 119. Referring jointly to 
FIGS. 18A and 18B, a microprocessor 74g cyclically reads 
the accumulated count in counter 118 and cyclically resets 
the counter in order to detect the current resonant fre- 
quency of the oscillator 112. The microprocessor outputs 
a digital control signal which has a value that changes In 
response to changes of the frequency caused by changes in 
the position of the slidabie member and third capacitor 
plate 111 along the track. The control signal may be de-^ 
livered through a digital to analog converter 121 If the 
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controlled electrical circuit is of a type that responds 
to control signals in the form of a variable voltage. 

The oscillator 112 of this example is of the harmonic 
type which has a resonant circuit formed by capacitance 
5 116 and inductance 117. The oscillator 112 and other os- 
cillators which are herein described can alternately be of 
the relaxation type in which case inductance 117 is re- 
placed with a resistance. 

Other components of the control device 11g of FIGS. 
17 and 18 may be similar to the corresponding components 
of the embodiment of FIGS . 9 to 1 1 . 

FIGS. 19 and 20 depict a modification of the last de- 
scribed embodiment in which one of the two elongated trir- 
angular capacitor plates is replaced with a linear conduc- 
15 tor 122 which extends alongside of the remaining capacitor 
plate 109 in spaced apart relationship therewith. The ca- 
pacitor plate 111 that is carried by the sliding member 
12g carries a wiper contact 123 that contacts and travels 
along conductor 122 to electrically connect the traveling 
capacitor plate 111 with the oscillator 112. The control 
device of FIGS. 19 and 20 may otherwise be similar to the 
control device of FIGS. 17 and 18. 

FIGS. 2 OA and 20B illuistrate still another modifica- 
tion of the embodiment of FIGS. 9 to 1 1 in which the two 
elongated triangular capacitor plates are replaced with a 
fixed linear capacitor plate 124 and a pivotable linear 
capacitor platis 126 which extends alongside the fixed 
plate and which pivots about a pin 127 situated at one end 
of the pivotable plate. The surface of the pivotable 
30 plate 126 which faces the slidable member 1 2g has a linear 
groove 127 which has a slightly diagonal orientation rela- 
tive to the surface of the plate that faces the fixed ca- 
pacitor plate 124. Another pin 128 protrudes from the un- 
dersurface of member 1 2g and extends into the groove 127. 
35 Thus sliding movement of the member 12g along tracks 21 g 
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pivots plate 126 towards the fixed plate 124 or away from 
the fixed plate depending on the direction of member move- 
ment. This progressively varies the resonant frequency of 
the oscillator 112 to enable variation of a control signal 
5 in the manner which has been previously described with 
reference to FIGS. 18A and 18B. Other components of the 
control device of FiGS. 20A and 20kB may be similar to the 
corresponding components of the embodiment of FIGS. 9 to 
11 . 

10 Referring to FIGS. 21 to 24, movement of a sliding 

member 12h along a track 1 3h may also be sensed and 
tracked by photoelectric means. in the control device 1 1h 
of FIGS. 21 to 24 the track 13h extends along the face of 
a flat panel display 17h within the image display area as 

15 in the previously described embodiments and again includes 
spaced apart parallel rails 21 h on which the sliding mem- 
ber 12h is engaged in the previously described manner. 
Two parallel linear strips of opaque material 129 and 131 
extend along the track 1 3h between rails 21 h and are se- 

20 cured to linear supports 132 that also extend along the 
track. Supports 152 are bonded to a lining 133 of insula- 
tion which extends across the base of the track 13h and 
which extends up the inner sides of rails 21h. A mirror 
134 extends along the track 1 3h between the bases of sup- 

25 ports 132 and is bonded to lining 133. The supports 132 
hold the opaque strips 129 and 131 outward from the mirror 
134. 

As best seen in PIG. 24 one of the opaque strips 129 
has uniformly spaced apart slots 136 or light transmissive 

30 zones along its length. The other opaque ^trip 131 has 
slots 137 or light transmissive zones that become progres- 
sively closer together along the length of the strip. The 
slidable member 12h carries a pair of light emitting di- 
odes 1 38 each being positioned direct light towards a 

35 separate one of the strips 1 29 and 1 31 . The member 1 2h 
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also carries a pair of phototransistors 139 one of which 
is positioned to intercept light which has passed through 
a slot 136 of strip 129 and which has been reflected back 
through another slot 136 by mirror 134. The other pho- 
5 totransistor 139 is positioned to intercept light which 
has passed through a slot 137 of the other opaque strip 
131 and which has been reflected back through another slot 
137 by the mirror 134. Thus each phototransistor 139 is 
alternately turned on and off as member 12h is traveled 
10 along track 1 3h . One phototransistor 139 produces output 
pulses having a frequency that is a function of the spac- 
ing of slots 136 and the other produces output pulses hav- 
ing a frequency that is a function of the spacing of slots 
137. The ratio of the two frequencies is different at 
successive locations of the member 12h along track 13h ow- 
ing to the progressively changing spacing of slots 137. 
Thus a unique frequency ratio identifies each successive 
position of the member 12h along the track 13h. The two 
frequencies are also a function of the speed of travel of 
the member 12h but the ratio of the frequencies is not. 

Referring to FIG. 24A, the light emitting diodes 138 
are connected across the terminals of the DC power supply 
104h in series with a separate current limiting resistor 
145 in this example of the i^ivention although the two di- 
25 odes may share a single current limiting resistor in a 
variation of the invention. The negative terminal of the 
power supply 104h being the system ground in this example 
of the invention. Each phototransistor 139 is connected 
across the terminals of the DC power supply 104h in series 
With a separate voltage dropping resistor 135. The circuit 
junctions 140 between the phototransistors 139 and resis- 
tors 135 are connected to separate ports of the microproc- 
essor 141. This causes the voltage at each such micro- 
processor port to change froto a high status to a low 
status each time that a pulse of light is received by the 
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phototransistor 139 that is connected to the port. Refer- 
ring jointly to FIGS. 21, 24A and 24B, the microprocessor 
141 detects the position of the slideible member 12h along 
its track 1 3h by computing the ratio of the frequencies of 
5 the output pulses from the two phototransistors 139 that 
are produced by movement of the member. The microproces- 
sor 1 41 refers to an internally configured look up table 
to determine the edritrol signal that is to be outputted in 
response to the current ratio and transmits a control 

signal having that value to the controlled circuit. 

Electrical connections to the light emitting diodes 
138 and phototransistors 139 are provided for in part by 
making use of the rails which support the member 12h as 
has been previously described in connection with the con- 
15 trol device of FIGS. 15 and 16. Thus, with reference to 
FIGS. 21 to 24A, rails 21 h are formed of electrical con- 
and are electrically isolated from each other. The 
member 12h has a conductive shell 102h with two halves 
that are electrically isolated frcwn each other and each of 
20 which is in electrical contact with a separate one of the 
rails 21 h. One rail 21h is connected to the positive ter- 
minal of the DC power supply and the other rail is con- 
nected to the negative terminal of the power supply. The 
light emitting diodes 1 38 are connected across the two 
25 halves of the conductive shell 102h of member 12h and the 
emitters of phototransistors 139 are connected to the 
negative voltagfe half of the shell. The collectors of 
phototransistors 139 connect with microprocessor 141 
through wiper contacts 106h which extend from the base of 
30 member 12h. The wiper contacts ride along linear conduc- 
tors 1 07h which are bonded to the insulative lining 1 33h 
at opposite sides of the track 13h and which are connected 
to the microprocessor 141 at one end of the track. 

An opaque mask 143 is bonded to the base of member 
35 12h and has a thin slpt 144 situated directly behind each 
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light emitting diode 138- Consequently only one of the 
slots 136 of strip 129 and only one of the slots 137 of 
strip 131 receive light at any given time. An opaque 
blade 146 protrudes from the base of member 1 2h and ex- 
5 tends between the slotted strips 129 and 131 to keep light 
which is intended for one phototransistor 139 from affect- 
ing the output signals of the other phototransistor. 

FIG. 25 depicts a modification of the control device 
of the preceding four figures wherein the slotted strips 
iO 129 and 131 are bonded directly to the front surface of 
the transparent cover plate 19h of the flat panel display 
17h. The mirror 134 is inlaid in the back surface of the 
cover plate 19h. This enables the control device to be 
more compact as the rails 21 h need not protrude from the 
cover plate 19h to the same extent as in the control de- 
vicie of FIGS. 21 to 24. 

FIGS. 26, 27 and 27A depict another embodiment of the 
control device 11i in which photoelectric sensing means 
146 detect the position of the slidable member 1 2i along 
the track 13i by viewing binary coding on a flat linear 
mirror 147 which extends along the track 13i, the mirfor 
being between the rails 21 i and being affixed to the flat 
panel display cover plate 19i in this example. The coding 
is defined by a plurality of side by side parallel linear 
zones on the mirror 147, Identified as Aq, A^ , A2 and A3 
in FIGS. 26 and 28, portions of which are covered with 
light absorbent material 148. In the drawings stippled 
areas of the zones Aq, A;,, A2 and A3 are light absorbent 
areas and clear areas of the zones reflect light. 
30 Referring to FIGS. 26, 27 and 27A in conjunction, 

four light emitting diodes 149 or other light sources are 
contained within the slidable member 12i. The diodes 149 
are arranged in a irgiw which extends transversely across 
the mirror 147 and each diode faces into a separate one of 
35 tour passages 151 each of which is directed towards a 



29 



20 



25 



SUBSntUTE SHEET (RULE 26) 



WO.98/2S760 



PCTAJS97/22398 



10 



separate one of the zones Aq, A, , A2 and A3 of the mirror 
147. Four phototransistors 152 are also disposed within 
the memljer 12i and are arranged in a row which is parallel 
to the row of diodes 149. Another four passages 153 extend 
from separate ones of the phototransistors 152 towards 
separate ones of the zones Aq/ , A2 and A3. As may be 
seen in FIG. 27 A ones of the passages 151 and 153 that are 
directed towards the same mirror zone Aq, At, A2 or A3 are 
angled relative to each other in order to be directed to- 
wards the same location on the surface of the mirror 14T. 
Phototransistors 152 are turned on and off as the member 
12i is traveled along the mirror 147 as light is reflected 
toward a phototiransistor when it is viewing a reflective 
area of the mirror through a passage 153 and the illumina- 
15 tion of the phototransistpr Ceases when it is viewing the 
light absorbent material 148. As may be seen in FIG. 28, 
reflective areas 1 54 alternate with light absorbent areas 
156 along each of the zones Aq, Ai , A2 and A3 of mirror 
147. The areas 154 and 156 on zone A^ are twice as long 
20 as the areas 154 arid 156 on zone Aq and each successive 
zone has areas 154 and 156 that are twice as long as the 
areas 154 and 156 on the immediately preceding zone. Re- 
ferring to FIGS. 26 and 28, this causes the four pho- 
totransistors 152 to produce a four bit binary code that 
25 has a different value at each of fifteen different posi- 
tions along the path of travel of the slidable member 121. 

Referring to FIG. 29, the four light emitting diodes 
149 are connected in parallel across a DC power supply 157 
through a current limiting resistor 158. The collector of 
30 each photo trans is tor 152 is connected to the positive ter- 
minal of power supply 157 through a separate one of four 
a[dditional resistors 159 and the emitters of the pho- 
totransistors are connected to the negative terminal of 
the power supply. The collectors of the phototransistors 
35 152 are also each individually connected to a separate in- 
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put of a shift register 161. Thiis each input of the shift 
register 161 is in a high state when the photqtransistor 
152 to which it is connected is in the off condition and 
goes to a low state when the phbtotransistor is turned on 
5 by reflected light in the previously described manner. 
Consequently, at any given time shift register 161 is 
storing a four bit binary number that identifies one of 
the previously described fifteen positions of the slidable 
member at its path of travel, 

this example a microprocesisor 162 repetitively 
reads out the contents of the shift register 161, refers 
to an internally configured look up table to identify a 
predetermined desired control signal value for the current 
position of the slidable member and outputs a control sig- 
15 nal of that value to a controlled device. The control 
signal may be changed to a variable voltage by a digital 
to analog converter if the controlled device is one which 
responds to control signals in the form of a variable 
voltage. Under some conditions the shift register 161 and 
20 microproce3Sor 162 are not needed and the controlled de- 
vice may be connected directly to the collectors of the 
photptransistors 152. This is possible if the controlled 
device is one which responds to four bit digital control 
signals in parallel form. 
25 Referring jointly to FIGS. 27 and 29, resistors 158, 

159 arid shift register 161 are embedded in a plastic core 
97i of the member 12i along with the light emitting diodes 
149 and phototransistors 152. Electronic components 
within the member 12i are connected with the DC power sup- 
ply 157 through the rails 211 in the manner previously de- 
scribed with reference to the embodiment of FIGS. 15 and 
16. Shift register 161 is electrically connected to the 
microprocessor 162 through three wiper contacts 163 which 
protrude from the underside of member 12i and which con- 

35 
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tact and travel along, linear conductors 164 Which extend 
lengthwise within the track 13i. 

Referring to FIG, 28, the use of four coded zones Ag, 
A-j , A2 and A3 on mirror 147 enables photoelectric detec- 
5 tion of fifteen different settings of the control device. 
The control device may have fewer than four coded zones 
and light emitting diodes or more than four such zones and 
diodes. Greater numbers of coded zones provide greater 
position resolution thereby enabling detection of greater 
10 numbers of settings of the control device . 

In the embodiment of FIG. 26 each light emitting di- 
ode 149 and the phototransistor 152 with which it inter- 
acts are spaced apart in the direction of travel of the 
member 121. As depicted in FIG. 26A each light emitting 
15 diode 149 and the photo-transistor 152 with which it in- 
teracts can also be spaced apart in a direction which Is 
transverse to the direction of travel of the member 12i. 
If the slidable member 12i is of sufficient length each 
light emitting diode 149 together with the phototransistor 
20 152 with which it interacts can be at different locations 
along the path of travel, as shown in FIG. 26B, in order 
to further optically isolate the diode and phototransistor 
sets from each other. The particular binary coding for 
the different positions of the slidable member 12i that 
25 has been described with reference to FIG. 28 can be pre- 
served in the embodiment of FIG. 26B by shifting three of 
the four coded zones Aq, A^ , A2 and A3 in a longitudinal 
direction, as shown by dashed lines in FIG. 28, by dis- 
tances which compensate for the spacing of the centers of 
the slidable members 12i from each other in that direc- 
tion . 

Referring to FIG. 26C, the position of the member 12i 
along its path of travel can also be detected by photoe- 
lectric means by eliminating three of the light emitting 
35 diodes and three of the phbtotransistors of the previously 
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described embodiments and by replacing the binary coded 
mirror with an elongated mirror 166 at which the reflec- 
tivity of the mirror progressively decreases or increases 
along the path of travel of the member 1 2i . Referring 
jointly to FIGS. 26c and 26D, the output voltage at the 
collector of the single remaining phototransistbr 152 is 
then dependent on the position of the member 12i along its 
path of travel and can be used directly as a control sig- 
nal for a controlled circuit or can be amplified or be 
digitized and then be used for that purpose depending on 
the control signal requirements of the controlled circuit . 

FIGS, 30 and 31 depict another circuit control device 
11 j of the slidable member type in which the slidable mem- 
ber 12j, rails 21 j and the electrical circuit may all be 
15 similar to the corresponding components of the embodiment 
of FIGS. 26C and 26D except insofar as the rails are pro- 
portioned to protrude further from the display cover plate 
19 j and the light emitting diode 149j and phototransitor 
I52j are at a location which is offset from the center of 
20 the slidable member. A rotatable disk 167 turns on an 
axle 168 that protrudes from the base of the slidable mem- 
ber 12j midway between the rails 21 j. The surface of disk 
167 which faces the base of the member 12j has an annular 
mirror zone 1 69 having a diameter which causes the disk to 
25 reflect light from diode 149j back to the phototransistor 
152j. The reflectivity of the mirror zone 169 is at a 
maximum at one location 171 on the zone and becomes pro- 
gressively smaller at successive other locations along the 
zone. 

^ circular pinion gear 172 also turns on axle 168 and 
engages a linear rack gear 173 which extends along the 
path of travel of member 1 2 j and which is secured to one 
of the rails 21 j. This causes the gear 172 to rotate as 
the member is slid along rails 21 j. Rotation of gear 172 
35 is transferred to disk 167 by a sleeve 174 which extends 



33 



SUBSTITUTE SHEET (RULE 26) 



wo 98/28760 



PCTAJi597/2235« 



between the gear and disk in coaxial relationship with 
axle 168. A washer 176 between the base of member 12 j and 
disk 167 and a flange 177 at the end of axle 168 hold the 
gear 172^ sleeve 174 and the disk in position . 
5 Turning of the disk 167 in response to rotary motion 

of gear 172 is accompanied by a progressive change in the 
magnitude of the voltage at the collector of phototransis- 
tor 152j owing to the change of reflectivity at successive 
locations along the circular mirror zone 169, In this ex- 
10 ample of the invention, pinion gear 172 has a diameter 
which causes it to undergo one full revolution during 
travel of the slidable member 12j from one end of its path 
of travel to the other end of the path of travel. The 
area of maximum reflectivity 171 of the circular mirror 
15 zone 169 is located to be at a position where it receives 
and reflects light from diode I49j when the member 12j is 
at an end of the path of travel of the member. Reflectiv- 
ity changes in a linear manner at successive locations on 
the mirror zone 169. Thus in this example of the inven- 
20 tion the output signal taken from the collector of pho- 
totransistor 152j rises in a linear manner as the member 
I2j is traveled from one end of its path to the other and 
decreases in the same manner as the member is returned. As 
in the previously described example the voltage at the 
25 phototransistor 152j collector can be used directly as a 
control signal for a controlled circuit or can be ampli- 
fied and then used for that purpose or the voltage can be 
digitized to provide a digital control signal having an 
operator selected value. 
30 The control device 11 j can be caused to output any 

desired non-linear voltage waveform by providing a non- . 
uniform pattern of reflectivity change at successive loca- 
tions along the mirror zone 169. Alternately, a micro- 
processor or the like, having an internal look up table of 
35 assigned signal values, can be used in the manner which 
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has been previously described to convert the actual signal 
value that is present at phototransistor 152j at any given 
time to a differing pre-assigned control signal value for 
the current setting of member 12^. use of a microprocessor 
5 can alscs enable use of a smaller pinion gear 172 that 
undergoes more than one revolution during movement of mem- 
ber 12j from one end of its path to the other as the mi- 
croprocessor can count the revolutions and adjust the out- 
putted control signal accordingly. 
10 FIG. 31 A depicts a variation of the control device of 

FIGS. 30 to 31 in which photbelfectric means produce a 
quadrature code that enables a microprocessor to sense the 
position of the slidable member 12m along its path of 
travel and to output a control signal having a value de- 
termined by the current position of the member along the 
path of travel. The annular mi«ror zone 147m on the disk 
T67m in this embodiment has reflective areas 178 which al- 
ternate with light absorbent areas 1 79 . In this example 
there are four of each kind of area 178 and 179 and each 
extends along 45° of arc relative to the axis of rotation 
of the disk.- First and second light emitting diodes 181 
and 182 are carried by the member 12m and are positioned 
to direct light towards the mirror zone 147m at two loca- 
tions which, in this example, are angularly spaced apart 
25 by 157.5° of arc relative to the axis of rotation of disk 
167i and which are identified in the drawings as locations 
A and B. A first phototransistor 183A carried by member 
12 is positioned to receive light from diode 181 that has 
been reflected at location A and a second phototransistor 
183B receives light from diode 182 that has been reflected 
at location B. Thus phototransistors 183A and 183B are 
each repetitively turned on and off as disk. 167i is turned 
by movement of the sliding member 12m. 

The above described positioning of phototransistors 
35 183A and 183B creates the response pattern which is de- 
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picted diagramatically in FIG. 31C and which enables a 
digital data processor to track movement of the member 
12i. The line labeled SENSOR A in FIG. 31C indicates 
changes in the condition of phototransistor 183A as the 
5 sliding member is traveled through a series of successive 
positions and the line labeled SENSOR B indicates changes 
in the condition of phototransistor r83B during the Scime 
travel of the member. in this example the meimber 12m is 
traveled a distance sufficient to turn disk 167m 22, 5^ 
10 during movement from one position of the member to the 
next position. Referring jointly to FIGS 31 A and 31C, it 
may be seen that at a first member position both pho- 
totransistors 183A and 183B receive light. At the second 
position only phototransistor 183B is illuminated. At the 
15 third position neither pho totransistors 183A and 183B re- 
ceives light. At the fourth position only phototransistor 
183A receives light. This pattern is continually repeated 
as the member 12m traveled further in the same direction. 
Reversed movement of the member 12i creates a reversed 
20 pattern of phototransistor illuminations. 

Referring to FIG. 31 B, each phototransistor 183A and 
183B is connected between a separate port of a microproc- 
essor 1 84 and system ground in series with a separate re- 
sistor 186. This causes the voltage at each such micro- 
25 processor port to change from a high status to a low 
status during periods when light is being received by the 
phototransistor 183A or 183B that is connected to the 
port. As depicted in FIG. 31 D, the microprocessor 184 
tracks movement of the member by counting changes of the 
30 status in an additive and subtract! ve manner. Prior to 
each incrementing of the count the program executes a di- 
rection subroutine, shown in FIG. 31E, to determine if the 
member motion is in a forward or backward direction. Re- 
ferring jointly to FIGS. 31 C and 31 the four possible 
35 combinations of the status of phototransistors 183A and 



36 



SUBSTITUTE SHEET (RULE 26) 



wo 98/28760 



PCTAjS97/2235W 



183B (sensor A and sensor B) can be represented as 00, 01, 
TO and 11. If the status combination changes from 00 to 
01 or from 01 to 11 or from 10 to 00 or from 11 to 10 then 
the member motion is backward and the program increments 
5 the accumulated count in a subtractive manner. Any other 
change in the status combination is indicative of forward 
member motion and the count is incremented in an additive 
manner . 

Referring again to FIG. 31 A, the control device 11m 
10 can distinguish between a greater number of positions of 
the slidable member 12m in a path of travel of given 
length if a larger number of reflective areas 178 and a 
larger number of light absorbent areas 179 are present in 
the annular mirror zone T47m and additional diode 181 and 
15 photo transistor 183 pairs are provided. 

FIG. 32 depicts a circuit control device 11n which is 
structurally and electrically similar to the control 
devices of FIGS. 26, 27 and 27A except that the light 
emitting diode and phototransistor pairs of that previ- 
ously described embodiment are each replaced with an ana- 
log Hall effect sensor 187 and the binary coding which ex- 
tends along the zones Aq, A-, , A2 and A3 of the track 13n 
is formed by areas 188 of magnetic material and areas 189 
of non-magnetic material rather than by areas of light re- 
25 flective material and areas of light absorbent material. 
The control device 11n of this example also differs from 
the previously described embodiment in that the Hall ef- 
fect sensors 11n are offset from each other in the direc- 
tion of travel of the slidable member 12n as well as in a 
30 transverse direction. This enables the track 13n to be 
narrower than it is in embodiments where the sensors 187 
are in side by side relationship. To compensate for this 
offsetting of the sensors 187 in the direction of travel, 
the binary coding zones Aq, A^ , A2 and A3 are similarly 
35 offset relative to each other as has been previously de- 
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scribed with reference to FIG. 28 and as is indicated by 
dashed lines in that figure. The electrical circuit of 
the embodiment of FIG- 32 may be similar to that previ- 
ously described with reference to FIG. 29 except insofar 
as the light emitting diodes 149 are eliminated from the 
circuit and the phototransistors 152 are replaced with the 
Hall effect sensors 187 of FIG. 32. 

If the track 13n is made very thin by reducing the 
width of the zones Aq, Ai , A2 and A3 as shown in FIG. 33, 
the lateral spacing of the centers of the Hall effect sen- 
sors 167 must also be reduced. This may cause the sensors 
187 to be sensitive not only to the magnetic material at 
an underlying single one of the coding zones Aq, A,, A2 
and A3 but also to the magnetic material of an adjacent 
15 zone that is overlapped by the sensor. In the present ex- 
ample the sensors 187 which read coding zones Aq, A-,, and 
A2 also detect magnetic material along a band on an adja- 
cent one of the zones which band has a width equal to 30% 
of the total width of the adjacent one of the zones. The 
sensors 187 which read zones Aq, and A2 are caused to 
respond only to magnetic material on the single zone by 
suppressing any signal having a magnitude less than 60% of 
the maximum magnitude signal which the sensor produces. 
Referring to FIG. 33A, this can be done by applying the 
25 output voltage produced by the sensor 187 to a first input 
of a bomparator amplifier 191 of the type which also has a 
reference voltage input and which transmits oftly signals 
having a voltage value that equals or exceeds the refer- 
ence voltage. A pair of resistors 192 and 193 are cbn- 
30 nected in series across the positive and negative DC power 
conductors 194 and 195 to form a voltage divider having a 
circuit junction 196 between the resistors which is con- 
nected to the reference voltage input of comparator 1 91 . 
The values of resistors 192 and 193 are selected to pro- 
35 vide a voltage at the reference Input of comparator 191 
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that is equal to 60% of the maximum output voltage of the 
Hall effect sensor 187 in this example- Referring jointly 
to FIGS. 33 and 33A, the reference voltage may be fixed at 
a different magnitude in instances where the sensors 187 
are sensitive to a lessor or greater portion of an ad- 
jacent coding zone Aq, , A2 or A3 in addition to the 
zone that the sensor is intended to read. The comparators 
191 and resistors 192 and 193 are contained within the 
slidable member 12n of the control device 11 n. 

As has been previously pointed out, the resolution of 
a control device which reads binary coded zones such as 
zones Aq, A^, A2 and A3 with respect to distinguishing be- 
tween a series of positions of the slidable member 12n can 
be increased by increasing the humbeir of such zones. Add- 
15 ing additional coding zones to a control device 11n of 
this kind which has the previously described construction 
widens the track T3n. The track then obscures more of the 
underlying flat panel display 1 7n and becomes more promi- 
nent in a manner which may be undesirable for some uses of 
20 controls of this type. Operators of fader controlled 
sound processing equipment, for example, are accustomed to 
seeing only a thin slit in the panel behind a fader cap. 
Referring to FIG. 34, this problem can be avoided by using 
transparent zones 197 of binary coding which zones may be 
25 situated outside of a very thin track 13u while being 
under the path of the slidable member 12u. Coded zones of 
this kind are not noticeably visible to an operator of the 
control device 1 1 u and do hot obscure images displayed by 
the flat panel display 17u. 
30 The transparent zones 197 may have areas of transpar- 

ent magnetic material, such as magnetized indium tin oxide 
for example, alternating with areas of transparent non- 
magnetic material such as glass or clear plastic. The 
magnetic material may vacuum deposited! or otherwise bonded 
35 to the image display cover plate 19u or an overlay cover 
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plate or the material may be on strips of transparent 
material which are adhered to the cover plate or overlay 
cover plate. The pattern of the areas of magnetic 
material and areas of non-magnetic material, not visible 
in FIG. 34, may be similar to that of the previously 
described embodiments and which is depicted 
diagraimnatically in FIG. 28. 

Referring again to FIG. 34, there are eight trans- 
parent coding zones 197 in this example which are read by 
eight Hall effect sensors 198 arranged in two columns of 
sensors. The sensors of each column are spaced from each 
other in the direction of travel of the slidable member 
12u in order to reduce the lateral extent of the two col-- 
umns. As previously described, this requires that the 
centers of the coding zones 197 at each side of the track 
r3u be offset from each other in the direction of travel 
of member 1 2u by distances corresponding to the spacing of 
the centers of the sensors 198 in that direction if the 
pattern of coding depicted in FIG. 28 is to be preserved. 
Two of the coding zones 197, not visible in FIG. 13J, are 
situated insidfe the track 1 3u and need not necessarily be 
formed by transparent material. 

FIGS. 35 and 36 depict still another circuit control 
device llo of the sliding member type which uses the Hall 
effect to track movement of the sliding member 1 2o along a 
linear track 13o that is secured to the transparent cover 
plate 19o of a flat panel display 17o. The member 12o, 
track 13o and display 17o may be similar to the corre- 
sponding components of any of the previously described em- 
bodiments except insofar as the member need not contain 
any components of the member motion sensing means other 
than a small magnet 206 which is carried by the member. 
In the preferred form of the control device llo, the re- 
gion between the rails 21o of track 13o is substantially 
enclosed by an elongated shell 207 of magnetic shielding 
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material such as Mu metal. Shell 207 has a longitudinal 
slot 208 through which a thin blade portion 209 of magnet 
206 extends, an edge of the blade portion being embedded 
in the plastic core 211 of the member 12o. A bulkier por- 
tion 212 of the magnet 206 is within the shielding shell 
207 . 

One of a pair of Hall effect sensors 213A and 213B of 
the analog type is situated within shell 207 at each end 
of the path of travel of the member 12o and magnet 206. 
The electrical resiistance of each Hall effect sensor 213 
decreases as the magnet 206 approaches the sensor and in- 
creases as the magnet recedes from the sensor. Referring 
to FIG. 36A, a first of the Hall effect sensors 21 3A is 
connected across the positive and negative terminals of a 
15 DC power source 214 in series relationship with a first 
resistor 216 and the other sensor 21 3B is connected across 
the same terminals in series with a second resistor 2t7. 
The first sensor 213B and first resistor 216 form a first 
voltage divider in which the voltage at a circuit junction 
20 218 between the sensor and resistor changes when the re- 
sistance of the sensor changes. The other sensor 21 3B and 
resistor 217 form a second voltage divider having a simi- 
lar circuit junction 219 at which the voltage changes when 
the resistance of the sensor changes. Thus, with refer- 
25 ence to FIQS. 35, 36 and 36A in conjunction, the voltage 
at each circuit junction 218 and 219 has a different value 
at each successive position of the member 12o along its 
path of travel. 

In this example each circuit junction 218 and 219 is 
30 coupled to a separate port of a microprocessor 221 or 
other digital data processor through a separate one of a 
pair of buffer amplifiers 222 and a separate one of a pair 
of analog to digital converters 223. The microprocessor 
221 may compensate for the non-linear response of the Hall 
35 ^ffect sensors 21 3A and 21 3B in the previously described 
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manner by referring to an internally configured look-up 
table which stores the desired control signal value for 
each position of the membeir 12o along its track 13o. The 
microprocessor 221 can transmit the compensated control 
5 signal directly to a controlled circuit 222 if the circuit 
responds to digital signals or the compensated control 
signal may be routed through a digital to analog converter 
223 if the controlled circuit responds to a variable volt- 
age. 

^° "^^^ response of a Hall effect sensor to the field of 

a magnet decreases as the magnet recedes from the sensor 
and there is a distance limit, determined by the sensitiv- 
ity of the particular sensor, beyond which the sensor can- 
not reliably detect magnet position. The present embodi- 
ment of the invention uses two such sensors 21 3A and 21 3B, 
each being at an opposite end of the path of member 
travel, in order to provide for a long path of travel. 
Only a single Hall effect sensor is needed if the length 
of the track 13o is sufficiently short. 

Shell 224 keeps the sensors 21 3A and 21 3B from being 
influenced by external magnets Including magnets of other 
nearby control devices. The Hall effect sensors 21 3A and 
21 3B can be embedded in the back surface of the flat panel 
display cover plate 19o or can be secured to the back sur- 
25 face of the flat panel display 17o itself in instances 
where the shell 224 is not needed. FIG. 37 depicts the 
back of a bank of four of the control devices 11o wherein 
the Hall effect sensors 21 3A and 21 3B of the devices are 
bonded to the back surface of a single flat panel display 
30 17o while other components of the control devices are 
bonded to the front surface of the display . Conductors 
226 extend around the marginal region 227 of the display 
17o to connect the sensors 21 3A and 21 3B with connector 
pins 228. Pins 228 extend into the marginal region 227 to 
connect the sensors with the other components of the elec- 
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trical circuit of the control device which components are 
situated within the marginal region in this embodiment. 

FIG. 38 depicts another bank of control devices lip 
which are connected to a single master digital data proc- 
essor 229 in order to provide control signals to a plural- 
ity of controlled electrical circuits 231. The control 
devices 11h which are shown in FIG. 35 for purpose of ex- 
ample are faders having the construction previously de- 
scribed with reference to FIGS. 21 to 24 but can be of any 
of the other previously described types or a mixture of 
types including control devices which respond to turning 
of a rotatable member or to other operator actions. 

The master digital data processor 229 must be very 
fast if it is directly connected to a sizable number of 
15 control devices 11h. In order to provide more time for 
signal processing without causing time delays in reading 
the signals from each control device 11h, each control de- 
vice is connected to a separate one of s series of secon- 
dary digital data processors 232 which in this example are 
20 within the marginal region 233 of the flat panel display 
234 although the secondary processors can be at an exter- 
nal location. Each secondary processor 232 computes the 
current control signal value for its associated control 
device 11 h in the manner previously described and stores 
25 the value in the form of a binary number in an associated 
one of a series of buffer memories 236. The master digi- 
tal data processor 229 sequentially and repetitively in- 
terrogates the buffer memories 236 in order to produce the 
plural control signals for the plurality of controlled 
30 electrical circuits 231 . 

Referring to FIGS. 39 and 40, movement of the sli- 
dable member 12q along the face of the flat panel display 
17q can also be tracked by a magnetic pad 237 of the known 
design which is disposed against the back of the flat 
35 panel display. A small magnet 238 is embedded in the mem- 
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ber 12q. Movement of the magnet 238 is sensed by the pad 
237 and a signal indicative of the current location of the 
member 12q along its track 13q is produced by a magnetic 
pad position signal generator 239 which may be of the 
5 known circuit configuration. The position signal is re- 
ceived by a digital data processor 241 which outputs a 
control signal to the controlled circuit 242 in the previ- 
ously described manner, the control signal having a value 
which is determined by the location of the slidable member 
10 I2q along track 13q. The digital data processor 241 also 
causes the flat panel display 1 7q to display graphics 14q 
that identify the current setting of the control device 
11q and which may provide other information pertinent to 
operation of the control device. 
15 Some circuit control devices are motorized to enable 

a digital data processor to cycle the slidable member 
through a sequence of movements that were initially per- 
formed manually by an operator. In prior constructions, 
the motor, circuits and other mechanisms which move the 
20 slidable member in this manner are all located behind a 
slotted control panel. FIGS. 41, 42 and 43 depict a mo- 
torized fader 11r of the type used in processing audio or 
video signals that does not require any slot or other 
opening in the supporting panel which in this instance is 
25 a flat panel display 17r of the previously described kind 
that displays changeable graphics 14r which convey infor- 
mation pertinent to the operation of the fader. 

The track 13r of fader 11r is again formed by a pair: 
of parallel rails 21 r which extend along the face of the 
flat panel display 17r within the image display area 1.6r. 
The lower portion of the slidable member 12r or fader cap 
extends between the rails 21 r and engages the rails in the 
manner previously described with respect to other embodi- 
ments of the invention. The reversible motor 243 which 
drives the slidable member 1 2r during the automation mode 
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of operation is contained within the slidabie member- and 
has an elongated output shaft 244 which extends between 
rails 2Tr. A spur gear 246 at the end of shaft 244 en- 
gages a linear rack gear 247 which extends along the track 
13r and which is secured to one of the rails. Thus actua- 
tion of motor 243 travels the slidabie member 12r along 
the track 13r. 

Sensing means 248 for tracking motion of the slidabie 
member 12r and for producing a signal Indicative of the 
current position of the member may be of any of the previ- 
ously described forms. In this example the sensing means 
248 is a rotary shaft encoder 249 of known design which is 
contained in the slidabie member 12r and which has a ro- 
tary motion sensing shaft 251 that extends between rails 
15 I2r. Another spur gear 252 at the end of shaft 251 en- 
gages the rack gear 247. Thus the output signal of en- 
coder 249 changes in response to movement of member 12r 
thereby enabling tracking of the position of the member. 
A row of electrical wiper contacts 253 protrude from the 
underside of the slidabie member 12 and bear against and 
ride along separate ones of a series of conductive traces 
254 which extend along the track 13r between the rails 12r 
arid which are insulated from the rails by a ribbon of in- 
sulation 256 if the rails are formed of conductive metal 
25 as in this example. The contacts 253 and traces 254 en- 
able electrical connection of the motor 243 and encoder 
249 with a multi-conductor connector 257 at an edge of the 
flat panel display 17r. The motor controlling circuits 
and signal processing circuits which are coupled to motor 
243 and encoder 249 through connector 257 may be of the 
known configurations that are used in prior motorized 
f aders . 

Automatic operation of a motorized fjader under the 
control of a digital data processor may be overridden by 
an operator simply by touching the slidabie member of the 
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fader- For this purpose the slidable member 1 2r has ah 
electrically conductive outer shell 258 which is electri- 
cally connected to a touch responsive circuit 259 which 
opens the operating power circuit of the motor in response 
5 to touching of the shell 258 by an operator. The motor 
may then turn freely while the operator manually moves the 
slidable member 12r and resumes automatic operation of the 
fader when the operator releases the slidable member. The 
touch responsive circuit for this purpose may be of one of 
iO the known circuit designs but differs from the prior prac- 
tice in that it is a small circuit board 259 that is con- 
tained within the slidable member 12r itself. 

Operators of prior art faders are accustomed to a 
construction in which the face of the fader is a continu- 
es ous smooth flat surface interrupted only by a thin slot 
which may, for example, he of the order of one eighth inch 
wide. In many usages of the present invention it is pref- 
erable that the track structure be as thin and compact as 
possible so that the surface contour of the fader conforms 
with the contour of prior faders to the extent possible. 
The embodiment of FIGS. 41, 42 and 43 is particularly ad- 
vantageous in this respect in this respect as the spacing 
of rails 12r from each other need be no greater than is 
needed to accommodate to the presence of the small spur 
25 gears 246 and 252 and the thin rack gear 247. The slot 
opening formed by the rails 12r need be no wider than the 
slots of prior art faders. 

Conforming the exterior configuration of the fader 
11 r with that of a conventional fader is further brought 
30 about by a transparent supplemental overlay plate 261 
which is disposed against the cover plate 1 9r of the flat 
panel display 17r- Overlay plate 261 has a slot 262 which 
conforms in shape with the track 13r and into which the 
track is received. Thie overlay plate 261 has a thickness 
equal to the distance that the rails 12r protrude from the 
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display cover plate 19r. Thus the front surface of the 
fader 11r Is a smooth continuous flat surface interrupted 
only by a thin slot and is similar to traditional faders 
in this respect. Operators may rest their wrists against 
5 the surface of the fader without experiencing discomfort 
from the presence of the track T3r. Use of an overlay 
plate of this kind is not confined to the embodiment of 
FIGS. 41, 42 and 43. An overlay plate of this kind can be 
used with any of the other embodiments of the invention 
10 that are herein described. 

Motorized faders typically have a group of indicator 
lights which turn on and off to identify the current mode 
of operation of the fader. Each indicator light may pro- 
duce a different color of light to facilitate recognition 
15 of the current mode of operation. Use of conventional in- 
dicator lights, such as light emitting diodes for example, 
can be dispensed with in embodiments of the present inven- 
tion. Referring to FIGS. 41 and 42, the panel display 17r 
can display simulations 263 of such lights and display any 
20 associated graphics 264. The displayed simulations 263 
may displayed in differing colors if the flat panel dis- 
play is one of the types which produces color images. If 
the flat panel display 17r is of the monochrome type, 
color filters 266 which transmit different colors can be 
25 disposed on the back surface of the transparent cover 
plate 19r at the locations where the indicator light simu- 
lations 263 are displayed. 

FIG. 44 depicts a modification of the motorized fader 
of the immediately precieding figures in which the encoder 
249 does not directly engage rack gear 247. The encoder 
shaft 251 is turned by the motor 244. For this purpose a 
spur gear 267 on the encoder shaft 251 engages another 
spur gear 268 which is on a portion of the motor output 
shaft 244 that protrudes from the motor housing 269. 
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FIG. 45 depicts another modification of the motorized 
fader of PIGS. 41, 42 and 43 in which the motor 243 is re- 
oriented so that the rotary axis of the motor extends in 
parallel relationship with the track 13r. A pair of bevel 
5 gears 271, 272 couple the motor 243 to a shaft 273 that 
extends towards rack gear 247 and which turns in a bearing 
274 that is embedded in the plastic core of the slidable 
member 12r. The spur gear 246, which engages rack gear 
247 in order to travel the member 12r along track 13r, is 
10 secured to the end of shaft 273. 

Referring to FIGS. 46 and 47, the reversible motor 
243s and encoder 249s or other position signal generating 
means can be disposed within the track 13s rather than in 
the slidable member 12s of a motorized fader lis. In this 
example, a linear worm gear 276 situated between the rails 
21s extends from within one end wall 277 of the track 13s 
to a bearing 278 which is secured to the transparent cover, 
plate 19s of the flat panel display at a location adjacent 
to the opposite end wall 279 of the track. The drive mo- 
tor 243s is situated between the rails 21s which form the 
track 13s in an orientation at which the axis of rotation 
of the motor output shaft 281 is parallel to worm gear 
276, the motor being secured to an adjacent one of the 
rails in this example. Motor 243s drives a first spur 
25 gear 282 through a speed reducing gearbox 283, the first 
spur gear being adjacent to end wall 277 of the track 13s. 
The first spur gear 282 engages a coplanar idler gear 284. 
The idler gear 284 engages with another spur gear 286 
which is secured to worm gear 276 tp turn the worm gear in 
30 response to operation of motor 243s. 

As shown in FIG. 47 in particular, the portions 287 
of rails 21s which are outermost from the transparent 
cover plate 1 9s of the flat panel display are angled to 
extend towards each other and to form a thin slot 288. 
35 The slidable member 12s of the motorized fader lis has an 
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under portion 289 which extends into the region between 
rails 21s through slot 288 and which extends laterally 
inside the slot to hold the member on the rails. The un- 
der portion 28? of member 12s has threaded passage 291 
5 through which worm gear 276 extends and which engages with 
the worm gear. Thus the slidable member 12s is traveled 
along the track 13s in response to rotation of the worm 
gear 276 by motor 243s. 

Referring again to FIGS, 46 and 47 in conjunction, 
10 the shaft encoder 249s which tracks movement of the sli- 
dable member 12s is disposed between rails 12s with the 
rotary motion sensing shaft 251s of the encoder being in 
alignment with the output shaft 244s of motor 243s and be- 
ing turned by the motor output shaft. 

Except as herein described the construction of the 
motorized fader lis may be similar to that of the previ- 
ously described embodiment of FIGS. 41, 42 and 43. 

The previously described motorized faders enable use 
of an electronic display screen to provide changeable 
graphics in immediate proximity to a sliding knob, fader 
cap or the like without necessarily requiring any internal 
structural modification of the screen itself. Referring 
to FIGS. 48 and 49, the fader drive motor 243t can be lo- 
cated behind the flat panel display 17t if the display 
screen is fabricated to have a small through passage 292. 
This enables minimization of the bulk of the track 13t 
and/or slidable member 12t in instances where it is de- 
sired to use a relatively large motor 243t. 

In this example, the passage 292 extends through the 
flat panel display 17t at a location which is behind an 
end region 293 of the track 13t. A first pulley 294 is 
situated within the end region 293 and is secured to the 
end of a drive shaft .296 that extends through the passage 
292. The drive motor 243t is secured to a housing 297 
that is itself secured^^tb the back of the flat panel dis- 
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play 17t with the drive output shaft of the motor being in 
alignment with and being coupled to the pulley drive shaft 
296. The shaft encoder 249t> rotary potentiometer or the 
like that tracks motion of the slidable member 12t is also 
5 secured to the housing 297 at the back of the display 17t. 
The rotary shafts of the encoder 249t and motor 243t are 
coupled by a pair of engaged spur gears 298 which cause 
rotation of the encoder shaft in response to rotation of 
the motor shaft. 

^0 A second rotatable pulley 299 is situated within 

track 13t at the end 301 of the track that is opposite 
from end 293 . A belt 302 is engaged on the two pulleys 
294 and 299 and one side of the belt is fastened to the 
sliding member 12t. Thus the belt 302 draws the sliding 
15 member 12t along track 1 3t when pulley 294 is turned by 
motor 243t in the previously described manner. The belt 
302 and pulley 294 are preferably of one of the known 
types which inhibit slippage relative to each other such 
as, for example, a toothed belt and toothed pulley or a V- 
20 belt and conforming pulley. Cloth impregnated rubber or 
nylon belts also inhibit slippage- The second pulley 299 
can, if desired/ be of the known spring tensioned form to 
further inhibit slippage. 

Referring to FIG. 50, the presence of a passage 292 
25 in the image diisplay area of a flat panel display of the 
type having internal busbars 39 1 of the previously de- 
scribed kind requires that the display have a specialized 
internal construction. m particular, the passage 292 
should be bounded by a fluid tight seal 303. Parallel 
30 busbars 39t that would otherwise be intercepted by the 
passage 292 and seal 303 may be routed around the passage 
292 and seal 303 in spaced apart relationship with each 
other. The spacing between the portions of the busbars 
39t that extend around the seal 303 and passage 292 is re- 
duced relative to the spacing between other portions of 
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the busbars. This confines the area at which image dis- 
play is disrupted by the nonr-linear portions of the bus- 
bars 39 1 to a small region which is covered by the overly- 
ing track structure and which is therefor not apparent to 
5 an observer. FIG. 50 depicts the row busbars 39t for pur- 
poses of example. The previously described column bus- 
bars, which extend orthogonally relative to the row bus- 
bars 39 1, are routed around the passage 292 and seal 303 
in essentially the same manner. 

Except as herein described components of the motor- 
ized faders of FIGS. 48, 49 and 50 may be similar to the 
corresponding components of the motorized fader of FIGS. 
38 to 40. 

While the invention has been disclosed with reference 
15 to certain specific embodiments for purposes of example, 
many variations and modifications of the control devices 
are possible and it is not intended to limit the invention 
except as defined by the following claims. 
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Claims 

1 . A control device for an electrical circuit which 
control device has a slidable member that is traveled 
along a track to any of a plurality of different positions 
in order to change an electrical condition in the circuit, 
wherein the improvement comprises: 

said slidable member and track being disposed in 
front of an electronic display screen which has an image 
display area at which instantly changeable images are dis- 
played, at least a portion of said slidable member being 
situated directly in front of said image display area. 

2. The apparatus of claim 1 further including an 
image display controller coupled to said electronic dis- 
play screen and which causes said screen to display indi- 
cia at locations along the path of travel of said slidable 
member; 



, 3. The apparatus of claim 1 further including a con- 
trol signal producing circuit which produces a circuit 
control signal that varies in response to movement of said 
slidable member, said control signal producing circuit 
having electronic components that are situated in front of 
said electronic display screen and which are within at 
least one of said slidable member and said track. 

4. The apparatus of claim 3 wherein said track in- 
cludes at least one rail extending along a front surface 
of said electronic display screen, said slidable member 
being engaged on said rail and being detachable therefrom, 
at least one component of said control signal producing 
circuit being carried by said slidable member and being 
removable from said rail therewith. 
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5 . The apparatus of claim 3 wherein said track in- 
cludes a pair of spaced apart parallel rails extending 
along a front surface of said electronic display screen, 
at least one component of said control signal producing 
circuit being situated between said rails. 

6. The apparatus of claim 1 wherein said track in- 
cludes at least one rail extending, along a front surface 
of said electronic display screen and wherein said sli- 
dable member rides along said rail, further including an 
elongated electrical resistance extending along said rail 
in spaced apart relationship therewith, a band of electri- 
cally conductive material extending along said resistance 
in spaced apart relationship therewith, a first electrical 
wiper contact secured to said slidable member in position 
to contact said electrical resistance arid ride thierealong 
as said slidable member is moved along said rail, and a 
second electrical wiper contact secured to said slidable 
member in position to contact said band of electrically 
conductive material and to travel therealong as said sli- 
dable member is moved along said rail, said first and sec- 
ond wiper contacts being electrically connected to each 
other. 

7. The apparatus of claim 6 wherein a pair of said 
rails extend along said front surface of said transparent 
cover plate in spaced apart and parallel relationship with 
each other and wherein said slidable member straddles both 
of said rails and engages each thereof, said electrical 
resistance and said band of electrically conductive mate- 
rial being between said rails and being affixed to said 
front surface of said transparent cover plate* 

8. The apparatus of claim 4 further including at 
least one electrical coil having an elongated configura- 
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tion and which extends along said rail behind said sli- 
dable member^ said coil having a wif5th. which becomes pro- 
gressively smaller along at least a portion of the length 
of the coil, said electrical coil being part of a resonant 
circuit of an electrical oscillator circuit, a body of 
electrically conductive material secured to said slidable 
member in spaced apart relationship with said- slidable 
member, and a signal processor coupled to said electrical 
oscillator circuit and which outputs a circuit control 
signal that changes in response to changes in the resonant 
frequency of said oscillator circuit. 

9. The apparatus of claim 8 wherein said electrical 
coil, and said body of electrically conductive material are 
substantially enclosed by a shield of electrically conduc- 
tive material - 

10. The apparatus of claim 8 wherein a pair of the 
rails extend along said front surface of said transparent 
cover plate in spaced apart and parallel relationship with 
each other and wherein said slidable member straddles both 
of said rails and engages each thereof, said electrical 
coil being between said rails and being affixed to said 
front surface of said transparent cover plate. 

1 1 . The apparatus of claim 8 having a pair of elec- 
trical oscillator circuits and wherein a pair of elongated 
electrical coils extend along said rail behind said 
slidable member and wherein each of said electrical coils 
is a part of a resonant circuit of a separate one of said 
electrical oscillator circuits, and wherein said signal 
processor is electrically coupled to each of said 
electrical oscillator circuits and outputs a circuit 
control signal that changes in response to changes in the 
ratio of the resonant frequencies of said electrical 
oscillator circuits. 
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12. Th^ apparatus of claim 11 wherein components of 
said electrical oscillator circuits are disposed within 
said slidable member. 

13. The apparatus of claim 1 further including an 
elongated first capacitor plate extending alongside said 
rail in parallel relationship therewith and which has a 
width that becomes progressively smaller along at least a 
portion of the length of the first capacitor plate, a sec- 
ond capacitor plate secured to said slidable member and 
being positioned to face said first capacitor plate in 
spaced apart relationship therewith, said second capacitor 
plate having a length in the direction of travel of said 
slidable member that is shorter than the length of said 
first capacitor plate in that direction, a band of elec- 
trically conductive material extending along said first 
capacitor plate in spaced apart relationship therewith, an 
electrical wiper contact secured to said slidable member 
and being positioned to contact said band and travel the- 
realong as the slidable member is traveled along the rail 
and which is electrically connected to said second capaci- 
tor plate, an electrical oscillator circuit connected to 
said first capacitor plate and to said band and wherein 
said first and second capacitor plate are a capacitive 
coraponeht of a resonant circuit of said electrical 
oscillator circuit, and a signal processor which outputs a 
circuit control signal that changes in response to changes 
of the resonant frequency of said electrical oscillator 
circuit. 

14. The apparatus of claim 1 further including first 
and second elongated capacitor plates extending alongside 
said rail in parallel relationship therewith and in spaced 
apart relationship with each other, 
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^ach of said first and second capacitor plates having a 
width which becomes progressively smaller along at least a 
portion of the length of the capacitor plate and wherein 
the decreases in the widths of the first and second ca- 
pacitor plates occur in the same direction, a third ca- 
pacitor plaite secured to said slidable member and being 
positioned to face said first and second capacitor plates 
in spaced apart relationship therewith, said third capaci- 
tor plate having a length in the direction of travel of 
said slidable member that is shorter than the lengths of 
said first and second capacitor plates in that direction, 
an electrical oscillator circuit connected to said first 
and second capacitor plates, said capacitor plates being a 
capacitive component of a resonant circuit of said 
electrical oscillator circuit, and a signal processor 
which outputs a circuit control signal that changes in 
response to changes of the resonant frequency of said 
electrical oscillator circuit. 

15. The apparatus of claim 14 wherein a pair of 
rails extend along said front surface of said transparent 
cover plate in spaced apart and parallel relationship with 
each other and wherein said slidable member straddles both 
of said rails and engages each thereof, said first and 
second capacitor plates being between said rails. 

16. The apparatus of claim 1 further including a 
band of light reflecting material extending along said 
rail in spaced apart relationship thierewith, first and 
second linear light modulators extending along said rail 
at a location which is between said band of light reflect- 
ing material and said slidable member, each of said light 
modulators having spaced apart light transmlssive zones 
along the length thereof which alternate with relatively 
opaque zones and wherein the spading, of said light trans- 
missive zones of said first light modulator prbgressively 
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changes along the length of said first light modulator, 
said light transmissive zones of said second light modula- 
tor being uniformly spaced apart, a first light source 
carried by said slidable member in position to direct 
light towards said first light modulator and said band of 
light reflecting material, a first photoelectric light 
detector carried by said slidable member in position to 
receive and detect light which passes through one of said 
light transmissive zones of said first light modulator and 
which is reflected back through another thereof by said 
band of light reflecting material, , a second photoelec-- 
trie light detector carried by said slidable member in 
position to receive and detect light which passes through 
one of said light transmissive zones of said second light 
modulator and which is reflected back through another 
thereof by said band of light reflecting material, and a 
signal processor electrically coupled to said first and 
second photoelectric light detectors and which detects the 
position of said slidable member along said rail by com- 
parison of the time interval between successive signals 
from said first photoelectric light detector with the time 
interval between successive signals from said second pho- 
toelectric light detector. 

17. The apparatus of claim 1 further including a 
linear toothed gear rack extending along said rail in 
spaced apart relationship therewith, a rotary gear carrieid 
by said slidable member and having an axis of rotation 
that is at right angles to said transparent cover plate, 
said rotary gear being engaged with said gear rack, and 
means for generating electrical circuit control signals in 
response to rotary motion of said rotary gear. 

18. The apparatus of claim 17 wherein said means for 
generating electrical circuit control signals includes a 
disk carried by said slidable member and which rotates as 
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said rotary gear is turned, said disk having an annular 
band of reflective material thereon which encircles said 
axis of rotation and wherein successive portions of said 
annular band of reflective material have differing degrees 
5 of light reflectance, a light source carried by said sli- 
dable member in position to direct light towards said an- 
nular band of reflective material along an optical path 
which extends therebetween, and a photoelectric light de- 
tector carried. by said slidable member and which is posi— 
10 tioned to receive light which is reflected by said annular 
band of reflective material at said optical path. 

19. The apparatus of claim 1 further including first 
and second pulleys disposed at opposite ends of the path 
of travel of said slidable member along said rail, said 
pulleys being oriented for rotation about axes of rotation 

5 that are at right angles to said transparent cover plate, 
a continuous belt engaged on said pulleys and having one 
side which is fastened to said slidable member, and a pul- 
ley rotation sensor which varies an output signal in re- 
sponse to rotary motion of said first pulley. 

20. the apparatus of claim 1 further including a mag- 
net carried by said slidable member and wherein a Hall 
effect sensor is disposed at least one end of the path of 
travel of said slidable member, further including a signal 

^ processor which is electrically coupled to said Hall ef- 
fect sensor and which produces a control signal that var- 
ies in response to variation of the electrical resistance 
of said Hall effect sensor. 

21 . The apparatus of claim 20 having a pair of said 
Hall effect sensors each being disposed at an opposite end 
of said path of travel. 
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22. The apparatus of claim 1 wherein said electronic 
display screen has a transparent cover plate and wherein 
said track includes a pair of spaced apart parallel rails 
affixed to a front surface of the transparent cover plate 
and which extend therealong within said image display 
area, said rails being formed at least in part of electri- 
cal conductor, and wherein said slidable member of said 
control device straddles said rails and is engaged 
thereon, said slidaible member having a first electrically 
conductive region that contacts one of said rails and a 
second electrically conductive region that contacts the 
other of said rails, said first and second electrically 
conductive regions being insulated from each other, and 
wherein at least one electronic component of a control 
signal producing circuit is carried by said slidable mem- 
ber and has first and second terminals across which elec- 
trical voltage is applied, each of said terminals being 
electrically connected to a separate one of said first and 
second electrically conductive regions of said slidable 
member, and a voltage supply having a third and fourth 
terminals each of which is connected to a separate one of 
said rails to provide voltage to said electronic component 
of said control signal producing circuit through said 
rails. 

23. The apparatus of claim 22 wherein said first and 
second, conductive regions of said slidable member are 
metal coatings at the surface of said slidable member. 

24. The apparatus of claim 22 wherein an electronic 
component of said control signal producing circuit that is 
carried by said slidable member has a fifth terminal which 
requires an electrical connection to a remote circuit ele- 
ment that is situated away from said slidable member, fur- 
ther including at least one elongated band of electrical 
conductor extending in parallel relationship with said 
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rails at a location . between said slidable member and said 
transparent cover plate arid being electrically connected 
to said remote circuit element, and at least one electri- 
cal wiper contact extending from said slidable member in 
position to travel along said band in contact therewith 
when said slidable member is slid along isaid rails, said 
wiper contact being electrically connected to said fifth 
terminal. 

25. The apparatus of claim 1 further including a 
plurality of parallel binary coding zones situated between 
said slidable member and said electronic display screen 
and which extend in the direction of travel of said sli- 
dable member, each of said zones having first segments 
formed of light reflective material and second segments 
formed of light absorbent material, said first and second 
segments being in an arrangement wherein a series of 
transverse bands along said plurality of zones each ex- 
hibit a different combination of light reflective areas 
and light absorbent areas, at least one light source car- 
ried by said slidable member and being positioned to di- 
rect light towards successive ones of said transverse 
bands as said slidable member is traveled along said 
track, and a plurality of photoelectric light detectors 
carried by said slidable member each being positioned to 
receive light which is reflected by a separate one of said 
coding zones . 

26. The control device of claims 25 wherein said 
light reflective areas alternate with said light, absorbent 
areas along a first and a second of said binary coding 
zones and wherein said light reflective areas and light 
absorbent areas of said second binary coding zone have a 
length which is twice the length of the light reflective 
areas and light absorbent areas of said first binary cod- 
ing zone. 
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27. The control device of claim 1 further including 
a linear rack gear extending along said track in parallel 
relationship therewith, a rotary gear carried by said sli- 
dable member and being engaged with said rack gear, and a 

5 signal generator carried by said slidable member which 
produces a signal that varies in response to turning of 
said rotary geair . 

28 . The control device of claim 27 wherein said sig- 
nal generator includes a disk carried by said slidable 

TO member and which rotates as said rotary gear is turned by 
movement of said slidable member along said track, said 
disk having an annular band of light reflective material 
thereon wherein the reflectivity of said material varies 
at successive locations within said annular band of mate- 

15 rial, a light source carried by said slidable member and 
being positioned to direct light towards a limited portion 
of said annular band of light reflective material, and a 
photoelectric detector carried by said slidable member and 
being positioned to detect light which is reflected at 

20 said limited portion of said annular band of light reflec- 
tive material. 

29. The control device of claim 27 wherein said sig- 
nal generator produces a quadrature signal indicative of 
movement of said slidable member and wherein said signal 

25 generator includes a disk carried by said slidable member 
and which rotates as said rotary gear is turned by move- 
ment of said slidable member along said track, first and 
second light sources carried by said slidable member and 
being positioned to direct light towards two spaced apart 

30 locations on said disk, first and second photoelectric 
light detectors carried by said slidable member each being 
positioned to receive and respond to light from a separate 
one of said first and second locations, said disk having 
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first and second areas . which alternate with each other 
around a circular path on said disk, said first areas hav- 
ing a characteristic which suppresses light transmission 
between said first and second locations and said photoe- 
5 lectric detectors and said second areas having a charac- 
teristic which enables light transmission from said first 
and second locations to said photoelectric detectors. 

30. The control device of claim 29 wherein said 
first and second areas of said disk are arranged to enable 
light transmission to both of said photoelectric detectors 
at a first angular position of said disk and to enable 

5 light transmission to only said first photoelectric detec- 
tor at an immediately following angular position of said 
disk and to suppress light transmission to both of said 
photoelectric detectors at the next following angular po- 
sition of said disk and to enable light transmission to 

10 only said second photoelectric detector at the next fol- 
lowing angular position of said disk. 

31 . The control device of claim 29 wherein said 
first areas of said disk are light reflecting areas and 
said second areas of said disk are light absorbent areas. 

32. The apparatus of claim 1 further including a 
plurality of parallel binary coding zones situated between 
said slidable member and said electronic display screen 
and which extend in the direction of travel of said sli- 

5 dable member, each of said zones having first segments 
formed of magnetic material and second segments formed of 
non-:magnetic material, said first and second segments be- 
ing in an arrangement wherein a series of transverse bands 
along said plurality of zones each exhibit a different 

LO combination of magnetic areas and non-magnetic areas, and 
a plurality of Hall effect sensors carried by said sli- 
dable member each being positioned to travel along an as- 
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sociated one of said coding zones as said slidable member 
is traveled along said track. 

33. The control device of claim 32 wherein said mag- 
netic areas alternate with said non-magnetic areas along a 
first and a second of said binary coding zones and wherein 
said magnetic areas and non-magnetic areas of said second 
binary coding zone have a length which is twice the length 
of the magnetic areas and non-magnetic areas of said first 
binary coding zone. 

34. The control device of claim 32 wherein said Hall 
effect sensors are offset from each other in the direction 
of travel of said slidable member. 

35. The control device of claim 34 wherein said Hall 
effect sensors produce output signals having a variable 
magnitude that is dependent on the strength of the mag- 
netic field that is sensed by the sensor and wherein each 
of said Hall effect sensors has a width which exceeds the 
width of the associated binary coding zone whereby the 
Hall effect sensor overlaps a coding zone that is adjacent 
to the coding zone with which the Hall effect sensor is 
associated, further including a plurality of comparators 
each being coupled to a separate one of said Hall effect 
sensors and each being conditioned to suppress output sig- 
nals which have a magnitude that is smaller than the mag- 
nitude of the output signal that is produced when the Hall 
effect sensor is detecting a magnetized area on the asso- 
ciatec^ one of said coding zones. 

36. The control device of claim 32 wherein at least 
one of said binary coding zones is situated outside of 
said track, the binary coding zone including said magnetic 
areas thereof being formed of transparent material. 
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37 . The control device of claim 1 wherein a plural- 
ity of said circuit control devices are disposed in front 
of said electronic display screen for controlling a plu- 
rality of electrical circuits, a display controller cou- 
5 pled to said electronic display screen for producing a 
plurality of changeable images thereon, a plurality of 
first digital data processors each being coupled to a 
separate one of said circuit control devices to produce 
digital signals in response to operator manipulation of 

10 said separate one of said circuit control devices, a plu- 
rality of buffer memories each being coupled to a separate 
one of said first digital data processors to temporarily 
store the digital signals which are produced thereby, and 
master digital data processing means for secgfuentially in- 

15 terrogating each of said buffer memories and for transmit- 
ting control signals derived therefrom to each of said 
controlled circuits. 

38. The control device of claim 1 wherein said elec- 
tronic display screen is the screen of a flat panel dis- 
play, further including a magnet carried by said slidable 
member, and a magnetic pad which generates a variable sig- 

5 nal in response to movement of a magnet, wherein said mag- 
netic pad is behind flat panel display and extends in sub-- 
stantially parallel relationship with said screen. 

39. The control device of claim 1 further including 
an electrical motor carried by said slidable member, a 
linear rack gear extending along said track, a first ro- 
tary gear carried by said slidable member in front of said 

5 electronic display screen and being engaged with said lin- 
ear rack gear, said motor being in driving relationship 
with said first rotary gear to travel said slidable member 
along sai<3 track. 
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40.. The control device of claim 39 further including 
a position signal producing component carried by said sli- 
dable member and having a rotary motion sensing input 
shaft, said rotary motion sensing input shaft having a 
second rotary gear thereon which is engaged with said lin- 
ear rack gear. 

41 . The control device of claim 39 further includ- 
ing a position signal producing component carried by said 
slidable member and having a rotary motion sensing input 
shaft, said rotary motion sensing input shaft being driven 
5 by said motor through additional gears which are carried 
by said slidable member. 

42. The control device of claim 39 wherein said mo- 
tor has an axis of rotation that extends in parallel rela- 
tionship with said electronic display screen, further in- 
cluding additional gearing carried by said slidable member 
and which couples said motor to said first rotary gear. 

43. The control device of claim 1 further including 
a rotatable worm gear disposed in said track and extending 
along the path of travel of said slidable member, a motor 
disposed in said track and being in driving relationship 

5 to said worm gear, said slidable member having a threaded 
passage through which said worm gear extends and wherein 
threads engage said worm gear whereby said slidable member 
is traveled along said track by operation of said motor. 

44. The control device of claim 1 wherein said elec- 
tronic display screen is the screen of a flat panel dis- 
play and wherein a passage extends through said flat panel 
display at a location within said image display area 

5 thereof, further including first and second pulleys dis- 
posed in said track at opposite ends of the path of 
travel of said slidable member, a belt engaged on said 
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pulleys and which extends along the path of travel of said 
slidable member, a motor disposed behind said fiat panel 
display, and a drive shaft which extends through said pas- 
sage in said flat panel display and which couples said 
5 motor to one of said pulleys. 

45. The control device of claim 44 further including 
a position signal generator disposed behind said flat 
panel display, said position signal generator having a 
rotary motion sensing input shaft which is coupled to and 

5 driven by said motor. 

46. The control device of claim 1 wherein said track 
extends along and protrudes from a transparent cover plate 
of said electronic display screen, further including a 
transparent supplemental overlay plate disposed against 

5 said transparent cover plate and having a slot into which 
said track is received. 



47. The control device of claim 46 wherein said 
transparent supplemental overlay plate has a thickness at 
least equal to the distance that said track protrudes from 
said transparent cover plate. 

48. The control device of claim 46 wherein said 
transparent supplemental overlay plate has a thickness 
that is equal to the distance that said track protrudes 
from said transparent cover plate . 

49. The control device of claim 46 wherein said 
track has a pair of spaced apart linear rails disposed in 
parallel relationship, said rails having parallel coplanar 
edges that extend in parallel relationship with said 
transparent cover plate, said transparent supplemental 
overlay plate having a flat outer surface that is coplanar 
with said edges of said rails. 
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50. A control device for an electrical circuit which 
control device comprises : 

an electronic display screen having a face with an 
image area thereat at which instantly changeable images 
are display able, 

a track extending along said face of said display 
screen within said image area thereof, 

a slidable member engaging said track and being 
manually slidable therealohg to any of a plurality of suc- 
cessive positions, 

a slidable member position sensor producing a control 
signal for said electrical circuit which changes in re- 
sponse to movement of said slidable member between said 
positions, and 

a display controller electrically coupled to said 
position sensor and to said display screen, said display 
controller being conditioned to cause display of change- 
able images at said screen which images convey information 
pertinent to operation of said control device. 
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